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57 ABSTRACT 
What are disclosed are methods for modifying the ge 
nome of vaccinia virus to produce vaccinia mutants, 
particularly by the introduction into the vaccinia ge 
nome of exogenous DNA; modified vaccinia prepared 
by such methods; certain DNA sequences and unmodi 
fied and genetically modified microorganisms involved 
as intermediates in such methods; and methods for in 
fecting cells and host animals with such vaccinia mu 
tants to provoke the amplification of exogenous DNA 
and proteins encoded by the exogenous DNA, includ 
ing antigenic proteins, by said cells and host animals. 
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METHOD FOR IMMUNIZING ANIMALS WITH 
SYNTHETICALLY MODIFIED WACCINA VIRUS 

The invention described herein was made with the 
support of the Federal Government and the Federal 
Government has certain rights in the invention. 
This application is a continuation-in-part of pending 

application Ser. No. 446,824 filed Dec. 8, 1982, now 
U.S. Pat. No. 4,603,112 granted July 29, 1986, which in 
turn is a continuation-in-part of pending application Ser. 
No. 334,456 filed Dec. 24, 1981. 
The present invention relates to modified vaccinia 

virus, to methods of making and using the same, and to 
other modified and unmodified microorganisms, and to 
certain DNA sequences, produced or involved as inter 
mediates in the production of modified vaccinia virus. 
More in particular, the invention relates to vaccinia 
virus in which the naturally occurring genome of the 
virus has been altered ("vaccinia mutants') and to meth 
ods of making and using such vaccinia mutants, as well 
as to other unmodified and genetically modified micro 
organisms, and to certain DNA sequences, produced or 
involved as intermediates in the production of vaccinia 
mutants. 
Vaccinia virus is the prototypic virus of the pox virus 

family and, like other members of the pox virus group, 
is distinguished by its large size and complexity. The 
DNA of vaccinia virus is similarly large and complex. 
Vaccinia DNA is about 120 megadaltons in size, for 
instance, compared with a DNA size of only 3.6 mega 
daltons for simian virus 40 (SV40). The DNA molecule 
of vaccinia is double-stranded and terminally cross 
linked so that a single stranded circle is formed upon 
denaturation of the DNA. Vaccinia DNA has been 
physically mapped using a number of different restric 
tion enzymes and a number of such maps are presented 
in an article by Panicali et al., J. Virol. 37, 1000-1010 
(1981) which reports the existence of two major DNA 
variants of the WR strain of vaccinia virus (ATCC No. 
VR 119), which strain has been most widely used for 
the investigation and characterization of pox viruses. 
The two variants differ in that the S("small") variant 
(ATCCNo. VR2034) has a 6.3 megadalton deletion not 
occurring in the DNA of the L("large") variant (ATCC 
No. VR2035). Maps obtained by treatment of the vari 
ants with the restriction enzymes Hind III, Ava I, Xho 
I, Sst I, and Sma I are presented in the aforementioned 
article. 

Vaccinia, a eukaryotic virus, reproduces entirely 
within the cytoplasm of a host cell. It is a lytic virus, i.e. 
a virus, the replication of which in a cell results in lysis 
of the cell. The virus is considered non-oncogenic. The 
virus has been used for approximately 200 years in vac 
cines for inoculation against smallpox and the medical 
profession is well acquainted with the properties of the 
virus when used in a vaccine. Although inoculation 
with vaccinia is not without risk, the risks are on the 
whole well known and well defined and the virus is 
considered relatively benign. 
At the heart of the present invention is the modifica 

tion of the naturally occurring vaccinia genome to pro 
duce vaccinia mutants by rearrangement of the natural 
genome, by the removal of DNA from the genome, 
and/or by the introduction into the naturally occurring 
vaccinia genome of DNA which disrupts the naturally 
occurring genome ("foreign DNA"). Such foreign 
DNA may be naturally occurring in vaccinia or may be 
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2 
synthetic or may be naturally occurring in an organism 
other than vaccinia. If genetic information is present in 
this foreign DNA, the potential exists for the introduc 
tion of this information into a eukaryote via modified 
vaccinia virus. That is, the modified virus represents a 
relatively innocuous eukaryotic cloning vector from 
which genetic information has been deleted, or into 
which information has been inserted, or in which ge 
netic information has been rearranged. Since the virus 
replicates within the cytoplasm of an infected cell, mod 
ified vaccinia virus represents a unique eukaryotic clon 
ing vector unlike any other so far considered or cur 
rently under investigation. 
This discovery has a number of useful consequences, 

among which are (A) novel methods for vaccinating 
mammals susceptible to vaccinia to induce in them an 
antibody response to antigens coded for by foreign 
DNA inserted into the vaccinia virus, (B) novel meth 
ods for the production by eukaryotic cells of biological 
products other than antigens, and (C) novel methods for 
the introduction into human or animal individuals or 
populations of missing genes or of genetic material for 
the modification, replacement, or repair of defective 
genes in the individuals or populations. 

Suitably modified vaccinia mutants carrying exoge 
nous genes which are expressed in a host as an antigenic 
determinant eliciting the production by the host of anti 
bodies to the antigen represent novel vaccines which 
avoid the drawbacks of conventional vaccines employ 
ing killed or attenuated live organisms. Thus, for in 
stance, the production of vaccines from killed organ 
isms requires the growth of large quantities of the or 
ganisms followed by a treatment which will selectively 
destroy their infectivity without affecting their antige 
nicity. On the other hand, vaccines containing attenu 
ated live organisms always present the possibility of a 
reversion of the attenuated organism to a pathogenic 
state. In contrast, when a modified vaccinia mutant 
suitably modified with a gene coding for an antigenic 
determinant of a disease-producing organism is used as 
a vaccine, the possibility of reversion to a pathogenic 
organism is avoided since the vaccinia virus contains 
only the gene coding for the antigenic determinant of 
the disease producing organism and not those genetic 
portions of the organism responsible for the replication 
of the pathogen. 
The present invention offers advantages even with 

respect to new technology employing genetic engineer 
ing involving the production of an antigen by a recom 
binant prokaryotic organism containing a plasmid ex 
pressing a foreign antigenic protein. For instance, such 
technology requires the production of large amounts of 
the recombinant prokaryotic cells and subsequent puri 
fication of the antigenic protein produced thereby. In 
contrast, a modified vaccinia virus used for innoculation 
according to the present invention replicates within the 
innoculated individual to be immunized, thereby ampli 
fying the antigenic determinant in vivo. 
A further advantage of the use of vaccinia mutants as 

vectors in eukaryotic cells as vaccines or for producing 
biological products other than antigens is the possibility 
for post-translational modifications of proteins pro 
duced by the transcription of exogenous genes intro 
duced into the cell by the virus. Such post-translational 
modifications, for instance glycosylation of proteins, are 
not likely in a prokaryotic system, but are possible in 
eukaryotic cells where additional enzymes necessary 
for such modifications are available. A further advan 
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tage of the use of vaccinia mutants for inoculation is the 
possibility of amplification of the antibody response by 
the incorporation, into the mutant, of tandem repeats of 
the gene for the antigen or of additional genetic ele 
ments which stimulate the immune response, or by the 
use of a strong promoter in the modified virus. A similar 
advantage holds in the production of biological prod 
ucts other than antigens. 

Returning to a more detailed consideration of the 
vaccinia genome, the cross-linked double strands of the 
DNA are characterized by inverted terminal repeats 
each approximately 8.6 megadaltons in length, repre 
senting about 10 kilobasepairs (kbp). Since the central 
portions of the DNA of allpox viruses are similar, while 
the terminal portions of the viruses differ more strongly, 
the responsibility of the central portion for functions 
common to all the viruses, such as replication, is sug 
gested, whereas the terminal portions appear responsi 
ble for other characteristics such as pathogenicity, host 
range, etc. If such a genome is to be modified by the 
rearrangement or removal of DNA fragments there 
from or the introduction of exogenous DNA fragments 
thereinto, while producing a stable viable mutant, it is 
evident that the portion of the naturally-occurring 
DNA which is rearranged, removed, or disrupted by 
the introduction of exogenous DNA thereinto must be 
non-essential to the viability and stability of the host, in 
this case the vaccinia virus. Such non-essential portions 
of the genome have been found to be present in the WR 
strain of vaccinia virus, for instance within the region 
present within the L-variant but deleted from the S 
variant or within the Hind III F-fragment of the ge 
One, 

The modification of vaccinia virus by the incorpora 
tion of exogenous genetic information can be illustrated 
by the modification of the WR strain of vaccinia virus in 
the HindIII F-fragment thereof to incorporate into that 
fragment a gene of herpes simplex virus type I (HSV) 
responsible for the production of thymidine kinase 
(TK). TK is an enzyme which phosphorylates the nu 
cleoside thymidine to form the corresponding mono 
phosphorylated nucleotide which is subsequently incor 
porated into DNA. 
The HSV TK gene represents DNA foreign to vac 

cinia virus which is convenient to introduce into vac 
cinia according to the present invention for a number of 
reasons. First, the gene is relatively readily available 
present in a herpes simplex virus DNA fragment that is 
produced by digestion with Bam HI endonuclease, as 
reported by Colbere-Garapin et al. in Proc. Natl. Acad. 
Sci. USA 76,3755-3759 (1979). Second, this HSV Bam 
HI fragment has been introduced into plasmids and into 
eukaryotic systems in the prior art, for instance as re 
ported by Colbere-Garapin et al., loc. cit. and by Wigler 
et al., Cell 11, 223-232 (1977). Third, experience has 
shown that if HSV TK can be introduced as an exoge 
nous gene into a eukaryotic system, and is expressed 
which requires unambiguous and faithful translation 
and transcription of the genetic locus-, then other 
exogenous genes can similarly be introduced and ex 
pressed. 

In the following text, reference is made to a number 
of microorganisms, both known and novel, most of 
which are deposited in a public repository and have 
been given identification numbers. These microorgan 
isms and their respository numbers are tabulated below 
for sake of convenient reference: 
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4. 

-meanuma-em 
ORGANISM ATCC NO. 
WR strain of vaccinia virus VR 119 
WR strain of vaccinia virus, VR 2034 
S-variant 
WR strain of vaccinia virus, VR 2035 
L-variant 
Syrian hamster kidney cells CCL-10 
CV-1 cells CCL-70 
VP-3 VR 2036 
VP-4. VR2033 
VP-5 VR2028 
VP-6 VR 2029 
VP-7 VR 2042 
VP-8 VR 2053 
VP-9 VR 2043 
VP-10 VR 2044 
VP-11 VR 2045 
VP-12 VR 2046 
VP-13 VR 2047 
VP-14 VR 2048 
VP-16 VR 2050 
VP-17 VR 2051 
VP-8 VR 2052 
VP-22 VR 2054 
VTK-79 VR 2031 
VTK-79L VR 2056. 

A better understanding of the present invention will 
be had by referring to the accompanying drawings, in 
which 
FIG. 1 is a map of the aforementioned L- and S-vari 

ants of the WR strain of vaccinia determined using Hind 
III as a restriction enzyme and showing the deletion of 
sequences in the terminal C fragment of the L-variant, 
which deletion is outside the terminal repeat section of 
the genome. The deleted DNA sequences are unique to 
the L structure and, since the growth of the S- and 
L-variants is identical, this deleted region must be non 
essential; 
FIG. 2 shows the vaccinia Hind III F-fragment in 

greater detail, including two further restriction sites 
therein, namely Sst I and Bam HI, at least the latter of 
which sites offers a locus at which exogenous DNA can 
be introduced into the vaccinia Hind III F-fragment 
without disturbing any essential vaccinia genes; 
FIGS. 3 A-C schematically show a method for the 

introduction of the HSV TK gene into the vaccinia 
Hind III F-fragment; 
FIG. 4 is a restriction map of certain vaccinia mutants 

produced according to the present invention and shows 
in detail the position of the HSVTK inserts present in 
the Hind III F-fragment in two such virus mutants, 
designated herein as VP-1 and VP-2; 
FIG. 5 is a table summarizing certain techniques use 

ful in screening possible recombinant viruses to deter 
mine the presence or absence of the HSV TK gene 
therein; and 
FIGS. 6 A-C are restriction maps of the left-hand 

terminal portion of the vaccinia. WR genome showing 
the relationship of various restriction fragments to the 
unique L-variant DNA sequence deleted from the cor 
responding Sovariant. 
FIGS. 7 A-C schematically show a method for con 

structing a new plasmid, pIDP 120, which contains a 
portion of the vaccinia Hind III F-fragment combined 
with p3R 322, but which plasmid is of lower molecular 
weight than plasmid poP3, shown in FIG. 3 B above. 
FIGS. 8A-D schematically show the construction of 

two plasmids, pIDP301A and pDP301B, which permit 
the incorporation of the DNA sequence of pBR322 into 
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vaccinia virus to produce vaccinia mutants VP 7 and 
VP 8. 
FIGS. 9 A-C schematically show the construction of 

a virus mutant, VP9, into the genome of which the 
influenza hemagglutinin gene (HA) has been incorpo 
rated using a technique like that shown in FIGS. 8 
A-D. 
FIG. 10 schematically shows the construction of a 

further vaccinia mutant, VP 10, also containing the 
influenza hemagglutinin (HA) gene, but prepared di 
rectly by in vivo recombination using VP7. 
FIGS. 11 A-E show the construction of two vaccinia 

mutants, designated VP 11 and VP 12, each of which 
contains in its genome the DNA sequence coding for 
the surface antigen of hepatitis B virus incorporated 
thereinto by in vivo recombination of vaccinia virus 
VTK-79 with, respectively, newly constructed plas 
mids poP 250B and pDP 250A. 
FIGS. 12 A-D schematically show the construction 

of a new plasmid, pIDP 252, which combines pHR 322 
with a portion of the hepatitis B virus (HBV) genome, 
which portion is entirely within that region of the HBV 
region genome which codes for the surface antigen. 
The Figures show the introduction of the resulting ploP 
252 plasmid into vaccinia mutant VP 8 with the resul 
tant formation of a further vaccinia variant identified as 
VP 13. 

FIGS. 13 A-C show the construction of two further 
plasmids, p3L 520 A and p3L 520 B, and their insertion 
into VP7 to produce two further vaccinia mutants, VP 
16 and VP 14, each containing the DNA sequence of 
herpesvirus I which codes for the production of herpes 
glycoproteins ga - gE, two of the principal immuno 
genic proteins of herpes simplex virus types I and II. 
FIGS. 14 A-C show the construction of two further 

plasmids, p3L 522 A and 522 B, incorporating the 5.1 
md Bam HIfragment G shown in FIG. 13 A as present 
in the EcoRI herpes F-fragment De Luca et al., Virol 
ogy 122, 411-423 (1982) 
FIGS. 15 A-F show the construction of a further 

vaccinia variant, VP22, in which foreign DNA, namely 
a herpes Bgl/Ban TK fragment, has been inserted into 
the vaccinia genome in a non-essential portion other 
than the F-fragment thereof. 
FIG. 16 shows the construction of a further plasmid, 

pRW 120. 
FIG. 17 shows the construction of a further vaccinia 

variant, vF 53, expressing influenza virus hemagglutinin 
(HA). 

FIG. 18 shows the construction of a further vaccinia 
variant, vP 59, expressing the hepatitis B virus surface 
antigen (HBs.Ag). 
FIG. 19 shows the construction of yet another vac 

cinia variant, vp 60, expressing the herpes simplex virus 
glycoprotein D (HSVgD). 

FIG. 20 is a plot of antibody response in rabbits inoc 
ulated with vaccinia variant vR 59 or with both vF 59 
and vp 60, 

Referring to FIG. 1, if the L- and S-variants of the 
vaccinia virus are subjected to the action of Hind III, a 
restriction enzyme well known in the prior art and 
commercially available, the virus genomes are respec 
tively cleaved into 15 or 14 segments designated with 
the letters A through O, with the letter A used to desig 
nate the largest fragment and the letter 0 used to desig 
nate the smallest. The electrophoretic separation of the 
restriction fragments is described and shown in the 
aforementioned publication of Panicali et al., J. Virol. 
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37, 1000-1010 (1981). The F-fragment obtained in this 
manner from either the L- or S-variants has a molecular 
weight of 8.6 megadaltons. The position of the F-frag 
ment is shown on the restriction map presented as FIG. 
1 accompanying the application and a restriction map of 
the F-fragment is shown in FIG. 2. The restriction 
enzyme Hind III recognizes the nucleotide sequence 
-AAGCTT- and cleaves the DNA between the adja 
cent adenosine groups to give fragments having "sticky 
ends' with the sequence AGCT-. Since larger quanti 
ties of the Hind III F-fragment of vaccinia than are 
readily obtainable by restriction of the vaccinia genome 
are required for manipulation according to the present 
invention, the F-fragment is inserted into a plasmid 
cloning vector for purposes of amplification. 
Namely, the vaccinia Hind III F-fragment produced 

in this manner is conveniently introduced into the plas 
mid pbR 322 which is cut only once by a number of 
restriction enzymes, including Hind III. The pPR 322 
plasmid was first described by Bolivar et al. in Gene 2, 
95-113 (1977) and is now commercially available within 
the United States from a number of sources. 
The location of the HindIII cleavage site on the pBR 

322 plasmid is indicated in FIG. 3A relative to cleavage 
sites of EcoRI and Ban HI, which are other restriction - 
enzymes. If the pHR 322 plasmid is cut with Hind III 
and the resultant cleaved DNA is mixed with vaccinia 
Hind III F-fragment, and if the fragments are ligated 
with T4 DNA ligase, as suggested in FIG. 3A, the F 
fragment is incorporated into the plasmid to produce 
the novel plasmid poP3 shown schematically in FIG. 
3B and having a molecular weight of approximately 
11.3 megadaltons. The vaccinia Hind III F-fragment 
includes approximately 13 kilobasepairs in comparison 
wit the 4.5 kilobasepairs found in the pBR 322 portion 
of pDP 3, T4 DNA ligase is a commercially available 
enzyme and the conditions for its use in the manner 
indicated are well known in the art. 
The pDP3 plasmid is now introduced into a microor 

ganism such as Escherichia coli (E. coli) by transforma 
tion for purposes of replicating the Hind III F-fragment 
for recovery of larger quantities of the F-fragment. 
These techniques of cleaving a plasmid to produce lin 
ear DNA having ligatable termini and then inserting 
exogenous DNA having complementary termini in 
order to produce a replicon (in this case the pBR 322 
containing vaccinia Hind III F-fragment) are known in 
the art, as is the insertion of the replicon into a microor 
ganism by transformation (cf. U.S. Patent 4,237,224). 
Unmodified pBR 322 plasmid confers amplicillin resis 

tance (Amp) and tetracycline resistance (Tet) to its 
host microorganism, in this case E. coli. However, since 
Hind III cuts the pBR 322 plasmid in the TetR gene, the 
introduction of the vaccinia Hind III F-fragment de 
stroys the Tet gene and tetracycline resistance is lost. 
Hence, the E. coli transformants containing the pDP 3 
plasmid can be distinguished from untransformed E. coli 
by the simultaneous presence of resistance to amplicillin 
and susceptibility to tetracycline. It is these E. coli trans 
formed with pdP3 which are grown in large quantities 
and from which large quantities of the pDP3 are recov 
ered. 
The conditions under which plasmids can be ampli 

fied in E. coli are well known in the art, for example 
from the paper of Clewel, J. Bacteriol. 110, 667-676 
(1972). The techniques of isolating the amplified plas 
mid from the E. coli host are also well known in the art 
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and are described, for instance, by Clewel et al. in Proc. 
Natl. Acad. Sci. USA 62, 1159-1166 (1969). 

In a similar fashion, the p3R 322 plasmid can be 
conveniently cleaved by treatment with the restriction 
enzyme Bam HI and a modified plasmid can be pre 
pared by the insertion thereinto of a Bam HSV TK 
fragment, all as discussed in the aforementioned work of 
Colbere-Garapin et al., loc. cit. The modified plasmid 
containing the Bam HI fragment which includes the 
HSV TK gene can again be introduced into E. coli by 
known methods and the transformed bacteria grown for 
amplification of the plasmid in large quantities. The 
amplified Bam HSVTK-pBR 322 recombinant plasmid 
is subsequently cleaved with Bam HI to isolate the Bam 
HI fragment containing the HSV TK gene using the 
same prior art techniques mentioned earlier with regard 
to the amplification of the Hind III F-fragment of vac 
C2. 

To construct a recombinant plasmid having the Bam 
HI HSV TK fragment included within the vaccinia 
Hind III F-fragment, the pDP 3 plasmid is next sub 
jected to a partial restriction with Bam HI such that 
only one of the two Bam HI cleavage sites within the 
plasmid is cleaved, i.e. either that Bam H.I site within 
the Hind III F-fragment or the Bam HI site within the 
pBR 322 portion of the pDP 3 plasmid, as shown in 
FIG. 3B. The cleaved, now-linear, DNA is then com 
bined with purified Bam HSVTK fragment. The linear 
segments are combined and ligated by treatment with 
T4DNA ligase, again using techniques known in the art. 
The combination of the Bam HSVTK fragment with 

the cleaved pop 3 plasmid is a random or statistical 
event leading to the possible production of numerous 
species formed by various combinations of the frag 
ments present in the mixture, all of which have identical 
"sticky ends'. Thus, one possibility is the simple rejoin 
ing of the Bam HI cleaved ends of the pDP3 plasmid to 
reform the circular plasmid. Another possibility is the 
joinder of two or more Bam HSV TK fragments in 
either of two orientations. Further, the Bam HSV TK 
fragment (or a multiple thereof) may be combined with 
the linear DNA of a pidP3 plasmid which has been 
cleaved at the Bam HI site within the pBR 322 portion, 
again in either of two orientations, or one or more Bam 
HSVTK fragments may be combined, again in either of 
two orientations, with linear pdP 3 DNA which has 
been cleaved at the Bam HI site within the vaccinia 
Hind III F-fragment portion of the pDP3 plasmid. 
To permit the identification and separation of these 

various possibilities, the products of ligation are inserted 
into a unicellular microorganism such as E. coli by tech 
niques like those described earlier and known in the art. 
The E. coli thus treated are then grown on a medium 
containing amplicillin. Those bacteria which contain 
any plasmid are amplicillin resistant because all such 
plasmids contain that gene of pBR 322 which confers 
ampicillin resistance. Hence, all surviving bacteria are 
transformants which are then screened further to deter 
mine the presence or absence of the Bam HSV TK 
fragment possibly present. 
To accomplish this, those bacteria containing any TK 

gene are identified by hybridization with radio-labelled 
TK DNA. If the TK gene is present in the bacterium, 
the radio-labelled TK DNA will hybridize with that 
portion of the plasmid present in the bacterium. Since 
the hybrid is radioactive, the colonies containing TK 
within their plasmids can be determined by means of 
autoradiography. The bacteria containing TK can in 
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turn be grown. Finally, then, bacteria containing plas 
mids having the TK incorporated within the pBR 322 
portion can be identified and separated from those hav 
ing the TK fragment in the vaccinia Hind III F-frag 
ment by analysis with restriction endonucleases. 
More in detail, the bacteria surviving growth on 

nutrient agar plates containing amplicillin are partially 
transferred to a nitrocellulose filter by contact of the 
filter with the plate. The bacteria remaining on the plate 
are regrown and the bacteria which have been trans 
ferred to the nitrocellulose filter to create a replica of 
the original plate are next treated to denature their 
DNA. Denaturation is effected, for example, by treat 
ment of the transferred bacteria with sodium hydroxide, 
followed by neutralization and washing. Subsequently, 
the now-denatured DNA present on the nitrocellulose 
filter is hybridized by treatment with HSV Bam TK 
containing radioactive 32P. The nitrocellulose filter so 
treated is next exposed to X-ray film which darkens in 
those portions in which hybridization with the radio 
labelled Bam HSV TK has taken place. The exposed 
darkened X-ray film is next compared with the original 
plate and those colonies growing on the original plate 
corresponding to the colonies causing darkening of the 
X-ray film are identified as those containing a plasmid in 
which Bam HSVTK is present. 

Finally, to discriminate between those bacteria con 
taining a plasmid in which the Bam HSV TK gene has 
been incorporated within the pBR 322 portion of the 
plasmid from those wherein Bam HSVTK is present in 
the F-fragment of the plasmid, small cultures of the 
bacteria are grown and the plasmids are isolated there 
from by a mini-lysis technique known in the art and 
described in the paper of Holmes et al., Anal. Bioch. 114 
193-197 (1981). The plasmids are next digested with the 
restriction enzyme Hind III which cleaves the circular 
plasmid at the two points of original joinder of the 
F-fragment with the pBR322 DNA chain. The molecu 
lar weight of the digestion product is next determined 
by electrophoresis on agarose gels, with the distance of 
migration in the gels being a measure of the molecular 
weight. 

If the Bam HSVTK fragment or a multiple thereof is 
found in the F-segment of the digested plasmid, the gel 
will show the presence of the pBR 322 fragment plus a 
second fragment having a molecular weight greater 
than that of the F-fragment by the molecular weight of 
the Ban HSVTK DNA segment or segments included 
therein. Conversely, if the Bam HSVTK is present in 
the pbR 322, electrophoresis will show the presence of 
an F-fragment of the usual molecular weight plus a 
further fragment larger than pBR 322 by the molecular 
weight of the Bam HSV TK fragment or fragments 
present therein. Those bacteria in which modification 
with Bam HSVTK has occurred in the pBR 322 por 
tion of the plasmid are discarded: the remaining bacteria 
have been modified in the F-fragment portion of the 
plasmid therein. It is these plasmids which are used for 
incorporation of the Bam HSVTK fragment into vac 
C2. 

As mentioned earlier, the combination of the DNA 
fragments to regenerate a plasmid is a randon event 
according to which a number of which different plas 
mid structures having Bam HSVTK in the F-fragment 
can result. 
To determine the orientation of the Bam HSV TK 

fragment within the F-fragment, as well as the number 
of such Bam HSV TK fragments possibly present, the 
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plasmids are recovered from each of those bacterial 
colonies which are known to have an Bam HSV TK 
fragment present in the F-fragment of the plasmid. The 
mini-lysis technique mentioned earlier herein is used for 
this purpose. The plasmids are then again subjected to 
restriction analysis, this time using the commercially 
available restriction enzyme Sst I. Since each Ban HSV 
TK fragment has an Sst I restriction site therein, and 
since the F-fragment of vaccinia similarly has a single 
Sst I restriction site therein (cf. the representation of 
these fragments in FIGS. 3B and 3A respectively), 
different numbers of fragments of differing molecular 
weights can be detected by electrophoresis on agarose 
gels, the number and molecular weight of the segments 
being dependent on the orientation of the Bam HSVTK 
fragment within the F-fragment and the number of such 
Bam TK fragments present. Orientation of the Bam TK 
fragment within the F-fragment can be detected be 
cause of the asymmetry of the Bam HSVTK fragment 
with respect to the Sst I site therein (cf. FIG. 3B). 
For instance, in the particular experiments under 

discussion, six bacterial colonies each having one or 
more Ban HSV TK fragments present in the F-frag 
ment of the plasmid were found among the E. coli trans 
formants. After restriction analysis of the plasmids in 
these bacteria along the lines discussed above, two of 
the recombinant plasmids were chosen for further study 
because the direction of orientation of the Bam HSV 
TK fragment within the F-fragment was in opposite 
directions. 
At this point, the reader is reminded that the intro 

duction of the HSV TK gene into the F-fragment of 
vaccinia, as discussed in detail above, is merely exem 
plary of one of many possible means of modifying the 
vaccinia genome to produce desirable vaccinia mutants. 
Thus, the introduction of the same exogenous gene into 
another portion of the vaccinia genome, or the intro 
duction of different genetic material into the vaccinia 
F-fragment or into some other fragment, all may require 
modification of the exemplary scheme, discussed above, 
for the identification of recombinant organisms. . 
For instance, digestion of the vaccinia L-variant 
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electrophoresis. This technique eliminates the time-con 
suming steps of discriminating between recombinants 
having HSV TK in the pBR 322 portion or in the F 
fragment and colony hybridization. 
Returning now to further discussion of the plasmids 

produced in the exemplary mutation of vaccinia by the 
introduction of HSVTK into the vaccinia F-fragment, 
the two recombinant plasmids chosen for further study 
are shown in FIG. 3C, where they are identified as a 
first novel plasmid, pop 132, incorporating one Bam 
HSVTK fragment within the vaccinia Hind III F-por 
tion, and a second novel plasmid, pdP 137, in which 
two Bam HSVTK fragments joined "head to tail" have 
been incorporated. The single fragment of Bam HSV 
TK has been incorporated within pdP 132 in the oppo 
site sense in which two Bam TK fragments have been 
included in tandem in pDP 137. Namely, the region of 
the TK gene within the Bam HI fragment which codes 
for the 5'-end of mRNA produced by the gene is lo 
cated between the Sst I cleavage site and the nearer of 
the two Ban HI sites thereto (again cf. FIG. 3B). The 
direction of transcription of the HSV TK gene on the 
Bam TK fragment proceeds from the 5'-end to the 3'- 
end and will be in a clockwise direction in pdP 132 as 
shown in FIG. 3C. cf. Smiley et al., Virology 102, 
83-93 (1980). Conversely, since the Bam TK fragments 
included in tandem in pDP 137 have been incorporated 
in the reverse sense, transcription of the HSVTK genes 
contained therein will be in the opposite direction, 
namely in a counter-clockwise direction. The direction 
of inclusion of the Bam HSV TK fragment within the 
vaccinia Hind III F-fragment may be of importance in 
case promotion of transcription of the HSVTK gene is 
initiated by a promoter site within the F-fragment itself. 
However, HSV promoter sites do exist within the Bam 
HSV TK fragment itself, so that transcription of the 
HSVTK gene may occur no matter in which direction 
the Bam HSVTK fragment and HSV TK gene have 
been incorporated within the vaccinia Hind III F-frag 

ent. 
Those E. coli transformants containing poP 132 or 

pDP 137 are next grown to produce large amounts of 
within Ava I yields a fragment, H, entirely with the 
region deleted from the S-variant (cf. FIG. 6A and the 
discussion thereof infra). This H-fragment contains Ban 
HI sites permitting the introduction thereinto of the 
HSVTK gene. The same scheme for identifying F-frag 
ment-HSVTK recombinants can be used for identify 
ing such H-fragment recombinants also. 

Indeed, schemes for the construction and identifica 
tion of F-fragment-HSV TK recombinants, alternative 
to that disclosed in detail above by way of illustration, 
do exist. For instance, the Bam HI site in pBR 322 can 
be removed by cleavage of the plasmid with Bam HI 
and treatment with DNA polymerase I to "fill in' the 
"sticky ends'. This product is then cut with Hind III 
and the linear fragment is treated with alkaline phospha 
tase to prevent recircularization of the plasmid upon 
ligation. However, foreign DNA, and particularly the 
vaccinia Hind III F-fragment, can be ligated to the 
treated pbR 322 and the resulting plasmid will recir 
cularize. Now, treatment with Bam HI effects cleavage 
of the plasmid only within the vaccinia F-fragment 
portion thereof. Subsequent treatment of the cleavage 
product with alkaline phosphatase and ligation with the 
Bam HIHSVTK fragment will produce recombinants 
with high efficiency so that the recombinants can be 
screened by restriction endonuclease cleavage and gel 
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the plasmids for further processing. When a sufficient 
amount of the plasmid DNA has been isolated, restric 
tion with Hind III yields a modified vaccinia Hind III 
F-fragment having the HSV TK gene therein. This 
modified Hind III F-fragment is now introduced into 
vaccinia virus by novel methods, described below in 
greater detail, in order to produce an infectious entity. 
To review the prior art, at present the vector princi 

pally used for introducing exogenous DNA into eukary 
otic cells is SV40. The DNA of SV40 is circular and can 
be treated much like a plasmid. That is, the circular 
DNA is cleaved with a restriction enzyme, combined 
with exogenous DNA, and ligated. The modified DNA 
can be introduced into eukaryotic cells, for instance 
animal cells, by standard techniques (cf. Hamer et al., 
Nature 281, 35-40 (1979). The DNA is infectious and 
will replicate in the nucleus of the cell producing viable 
mutated viruses. In contrast, vaccinia replicates within 
the cytoplasm of a eukaryotic cell. The purified DNA 
of this virus is not infectious and cannot be used perse 
to produce vaccinia mutants in a cell in the same man 
ner as SV40. Rather, novel techniques involving the 
mutation of wild type vaccinia with foreign DNA in 
vivo within a cell must be employed. 
An unpublished paper of the applicants, together 

with Eileen Nakano (Nakano et al., Proc. Nat'l Acad. 
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Sci. USA 79, 1982 1593-1596), reports a demonstration 
of marker rescue in vaccinia virus. According to these 
experiments, that portion of the L-variant DNA which 
is normally absent from the S-variant can be reintro 
duced into the S-variant ("rescued') under appropriate 
conditions. Namely, eukaryotic cells are treated with 
live infectious S-variant vaccinia virus together with 
non-infectious restriction fragments of the DNA of the 
L-variant, representing DNA "foreign' to the S-vari 

5 

ant, of a particular structure. Namely, that portion of 10 
the L-variant DNA which is to be rescued must be 
present within a DNA chain having portions co-linear 
with the DNA chain of the S-fragment into which it is 
to be introduced. That is, the "foreign' DNA to be 
introduced into the S-variant has, at both ends of the 
DNA chain, a region of DNA which is homologous 
with corresponding sequences in the S-variant. These 
homologous sequences can be viewed as "arms' at 
tached to the region of L-variant DNA which is to be 
rescued by the S-variant. 
The mechanism of this recombination is complex and 

has not yet been accomplished in vitro. Apparently, the 
recombination of the L-DNA into the S-variant in 
volves homologous base pairing in segments surround 
ing the area deleted from the S-variant. Most likely, 
cross-overs from one strand of DNA to another result 
in an in vivo recombination of the DNA to rescue the 
deleted portion. 
This technique of in vivo recombination can be used 

to introduce foreign DNA other than vaccinia DNA 
into either the S- or the L-variant of vaccinia. Thus, the 
modified Hind III F-fragment incorporating the Bam 
HSVTK fragment therein as DNA "foreign” to vac 
cinia can be introduced into vaccinia by treating eukar 
yotic cells with the modified F-fragment together with 
infectious L- and/or infectious S-variants of vaccinia 
virus. In this instance, the portions of the F-fragment 
flanking the Bam HSV TK fragment function as the 
"arms' mentioned earlier, comprising DNA homolo 
gous with DNA present in the L- or S-variant into 
which the modified F-fragment is to be introduced. 
Again, by in vivo processes within the cell, the mecha 
nisms of which are not known in detail the HSVTK 
modified F-fragment is incorporated into the vaccinia 
variants in the cell an is then capable of replication and 
expression under vaccinia control 
This in vivo recombination technique is broadly ap 

plicable to the introduction of still other "foreign' 
DNA into vaccinia, providing a pathway by which the 
genome of vaccinia can be modified to incorporate a 
wide variety of foreign genetic material thereinto, 
whether such foreign DNA be derived from vaccinia 
itself, be synthetic, or be derived from organisms other 
than vaccinia. 
A wide variety of cells can be used as the host cells in 

which the in vivo recombination described above takes 
place. The recombination, however, occurs with differ. 
ing efficiency depending on the cell employed. Of the 
cells investigated to date, baby Syrian hamster kidney 
cells (BHK-21 (Clone 13) (ATCC No. CCL 10) have 
proved most efficient for the recombination procedure. 
However, other cells including CV-1 (ATCC No. 
CCL70), a green monkey kidney cell line, and human 
(line 143) TK-cells, a 5'-BUdR resistant mutant derived 
from human cell line R970-5, have also been infected in 
this manner to generate vaccinia mutants. 
These cells are suitably treated with vaccinia and the 

foreign DNA to be incorporated into the vaccinia 

5 

20 

25 

30 

35 

45 

50 

55 

65 

12 
while, for convenience, the cells are in the form of a 
monolayer. For purposes of in vivo recombination, the 
cells may be infected with vaccinia followed by treat 
ment with the foreign DNA to be incorporated there 
into, or may first be contacted with the foreign DNA 
followed by infection with vaccinia. As a third alterna 
tive, the vaccinia and foreign DNA may be simulta 
neously present at the time the cells are treated. 
The viruses are suitably contacted with the cell non 

olayer while present in a conventional liquid medium, 
such as phosphate buffered saline, Hepes buffered sa 
line, Eagle's Special medium (with or without serum 
addition), etc., which is compatible with these cells and 
the viruses. 
The foreign DNA is conveniently used to treat these 

cells while in the form of a calcium phosphate precipi 
tate. Such techniques for introducing DNA into cells 
have been described in the prior art by Graham et al., 
Virology 52, 456-467 (1973). Modifications of the tech 
nique have been discussed by Stow et al., J. Gen. Virol. 
33, 447-458 (1976) and Wigler et al., Proc. Natl. Acad. 
Sci. USA 76, 1373-1376 (1979). The treatments taught 
in these papers conveniently proceed at room tempera 
ture, but temperature conditions can be varied within 
limits preserving cell viability, as can the time for which 
the cells are treated with the virus and/or foreign DNA 
precipitate, with various efficiencies of the in vivo re 
combination. The concentration of the infecting vac 
cinia virus and the amount of foreign DNA precipitate 
employed will also affect the rate or degree of recombi 
nation. Other factors such as atmosphere and the like 
are all chosen with a view to preserving cell viability. 
Otherwise, as long as the three necessary components 
(cell, virus, and DNA) are present, in vivo recombina 
tion will proceed at least to some extent. Optimization 
of the conditions in a particular case is well within the 
capabilities of one skilled in the microbiological arts. 

Following this recombination step, those vaccinia 
viruses which have been mutated by in vivo recombina- . 
tion must be identified and separated from unmodified 
vaccinia virus. 

Vaccinia viruses mutated by in vivo recombination of 
foreign DNA thereinto can be separated from unmodi 
fied vaccinia virus by at least two methods which are 
independent of the nature of the foreign DNA or the 
ability of the mutant to express any gene which may be 
present in the foreign DNA. Thus, first, the foreign 
DNA in the mutant genome can be detected by restric 
tion analysis of the genome to detect the presence of an 
extra piece of DNA in the mutated organism. In this 
method, individual viruses isolated from purified 
plaques are grown and the DNA is extracted therefrom 
and subjected to restriction analysis using appropriate 
restriction enzymes. Again, by detecting the number 
and molecular weight of the fragments determined, the 
structure of the genome prior to restriction can be de 
duced. However, because of the necessity of growing 
purified plaques, the number of analyses which must be 
made, and the possibility that none of the plaques grown 
and analyzed will contain a mutant, this technique is 
laborious, time consuming and uncertain. 

Further, the presence of foreign DNA in vaccinia 
virus can be determined using a modification of the 
technique taught by Villarreal et al. in Science 196, 
183-185 (1977). Infectious virus is transferred from viral 
plaques present on an infected cell monolayer to a nitro 
cellulose filter. Conveniently, a mirror-image replica of 
the transferred virus present on the nitrocellulose filters 
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is made by contacting a second such filter with that side 
of the first nitrocellulose filter to which the viruses have 
been transferred. A portion of the viruses present on the 
first filter is transferred to the second filter. One or the 
other of the filters, generally the first filter, is now used 
for hybridization. The remaining filter is reserved for 
recovery of recombinant virus therefrom once the locus 
of the recombinant virus has been detected using the 
hybridization technique practiced on the companion, 
mirror-image filter. 
For purposes of hybridization, the viruses present on 

the nitrocellulose filter are denatured with sodium hy 
droxide in a manner known perse. The denatured ge 
netic material is now hybridized with a radio-labelled 
counterpart of the gene whose presence is sought to be 
determined. For example, to detect the possible pres 
ence of vaccinia mutants containing the Bam HSV TK 
fragment, the corresponding radio-labelled Bam HSV 
TK fragment containing 32P is employed, much in the 
same manner as discussed earlier herein with respect to 
the detection of plasmids modified by the presence of 
this fragment. Non-hybridized DNA is washed from the 
nitrocellulose filter and the remaining hybridized DNA, 
which is radioactive, is located by autoradiography, i.e. 
by contacting the filter with X-ray film. Once the mu 
tated viruses are identified, the corresponding virus 
plaques present on the second filter, containing a mirror 
image of the viruses transferred to the first filter, are 
located and grown for purposes of replicating the mu 
tated viruses. 
The two methods described above involve an analy 

sis of the genotype of the organism involved and, as 
mentioned earlier, can be used whether or not any gene 
present within the foreign DNA incorporated into the 
vaccinia virus is expressed. However, if the foreign 
DNA is expressed, then phenotypic analysis can be 
employed for the detection of mutants. For example, if 
the gene is expressed by the production of a protein to 
which an antibody exists, the mutants can be detected 
by a method employing the formation of antigen-anti 
body complexes. See Bieberfeld et al. J. Immunol. 
Methods 6, 249-259 (1975). That is, plaques of the vi 
ruses including the suspected mutants are treated with 
the antibody to the protein which is produced by the 
mutant vaccinia genotype. Excess antibody is washed 
from the plaques, which are then treated with protein A 
labelled with 125I. Protein A has the ability of binding to 
the heavy chains of antibodies, and hence will specifi 
cally label the antigen-antibody complexes remaining 
on the cell monolayer. After excess radioactive protein 
A is removed, the monolayers are again picked up by 
plaque lifts onto nitrocellulose filters and are subjected 
to autoradiography to detect the presence of the radio 
labelled immune complexes. In this way, the mutated 
vaccinia viruses producing the antigenic protein can be 
identified. 

In the specific instance in which the foreign DNA 
includes the HSV TK gene, once it is known that the 
mutated vaccinia virus expresses the HSV TK gene 
therein, a much simpler and elegant means for detecting 
the presence of the gene exists. Indeed, the ease of dis 
crimination between vaccinia mutants containing the 
HSVTK gene and unmodified vaccinia free of this gene 
provides a powerful tool for discriminating between 
vaccinia virus mutants containing other exogenous 
genes either present alone in the vaccinia genome or 
present therein in combination with the HSV TK gene. 
These methods are described more in detail later herein. 
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Since eukaryotic cells have their own TK gene and 

vaccinia virus similarly has its own TK gene (utilized, 
as noted above, for the incorporation of thymidine into 
DNA), the presence and expression of these genes must 
be in some way distinguished from the presence and 
expression of the HSV TK gene in vaccinia mutants of 
the type under discussion. To do this, use is made of the 
fact that the HSV TK gene will phosphorylate haloge 
nated deoxycytidine, specifically iododeoxycytidine 
(IDC), a nucleoside, but neither the TK gene of vac 
cinia nor the TK gene of cells will effect such a phos 
phorylation. When IDC is incorporated into the DNA 
of a cell it becomes insoluble. Non-incorporated IDC, 
on the other hand, is readily washed out from cell cul 
tures with an aqueous medium such as physiologic 
buffer. Use is made of these facts as follows to detect the 
expression of the HSV TK gene in vaccinia mutants. 
Namely, cell monolayers are infected with mutated 

virus under conditions promoting plaque formation, i.e. 
those promoting cell growth and virus replication. 
When the cells are infected, they are then treated with 
commercially available radio-labelled IDC (IDC), 
labelling being easily effected with 125I. If the cells are 
infected with a virus containing the HSVTK gene, and 
if the HSV TK gene present therein is expressed, the 
cell will incorporate IDC into its DNA. If the cell 
monolayers are now washed with a physiologic buffer, 
non-incorporated IDC" will wash out. If the cell mono 
layers are next transferred to a nitrocellulose filter and 
exposed to X-ray film, darkening of the film indicates 
the presence of IDC in the plaques and demonstrates 
the expression of the HSV TK gene by the vaccinia 
nutants. 
Using the aforementioned genotypic and phenotypic 

analyses, the applicants have identified two vaccinia 
mutants denominated VP-1 and VP-2. VP-1 (ATCC 
No. VR2032) is a recombinant vaccinia virus derived 
from vaccinia S-variant modified by in vivo recombina 
tion with the plasmid pDP 132. VP-2 (ATCC No. VR 
2030) is an S-variant vaccinia virus modified by recom 
bination with pPP 137. 

FIG. 4A is a Hind III restriction map of the vaccinia 
genome showing the site of the HSVTK gene insertion. 
FIGS. 4B and 4C magnify the Hind III F-fragment 
respectively contained in VP-1 and VP-2 to show the 
orientation of the Bam HIHSVTK fragment therein. 
Attention is called to the fact that the in vivo recombi 
nation of PDP 137 with the S-variant (i.e. VP-2) effects 
deletion of one of the Bam HI HSV TK fragments 
present in tandem in the starting plasmid. 
As mentioned earlier, the fact that the HSVTK gene 

is expressed can be used for a rapid and easy detection 
and identification of mutants which contain or are free 
of HSV TK gene or of a foreign gene present alone or 
in combination with the HSV gene. The test and its 
bases are described immediately below. 
The applicants have isolated, in biologically pure 

form, a vaccinia mutant, an S-variant in particular, 
which is free of any naturally-occurring functional TK 
gene, denominated VTK-79 (ATTC No. VR 2031). 
Normally, the S-and L-variants discussed earlier herein 
have a TK gene in the Hind III fragment J thereof. If 
this mutant, free of vaccinia TK gene activity, is used 
for the production of further mutated organisms con 
taining the HSV TK gene, incorporated into the vac 
cinia mutant by the techniques described earlier herein, 
the HSVTK gene present in such resultant mutants will 
be the only functional TK gene present in the virus. The 
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presence or absence of such an HSV TK gene can be 
immediately detected by growing cells infected with 
the viruses on one of several selective media. 
Namely, one such selective medium contains bromo 

deoxyuridine (BUdR), a nucleoside analogous to thymi 
dine, but highly mutagenic and poisonous to organisms 
such as a cell or virus when present in DNA contained 
therein. Such a medium is known from Kit et al., Exp. 
Cell Res. 31, 297-312 (1963). Other selective media are 
the hypoxanthine/aminopterin/thymidine (HAT) me 
dium of Littlefield, Proc. Natl. Acad. Sci. USA 50, 
568-573 (1963) and variants thereof such as MTAGG, 
described by Davis et al., J. Virol. 13, 140-145 (1974) or 
the further variant of MTAGG described by Camp 
ione-Piccardo et al. in J. Virol. 31, 281-287 (1979). All 
these media selectively discriminate between organisms 
containing and expressing a TK gene and those which 
do not contain or express any TK gene. The selectivity 
of the media is based on the following phenomena. 
There are two metabolic pathways for the phosphor 

ylation of thymidine. The primary metabolic pathway 
does not rely upon thymidine kinase and, while it syn 
thesizes phosphorylated thymidine by intermediate 
mechanisms, it will not phosphorylate BUdR or di 
rectly phosphorylate thymidine. The secondary meta 
bolic pathway does involve the activity of thymidine 
kinase and will result in the phosphorylation of both 
thymidine and its analog, BUdR. Since BUdR is a poi 
sonous highly mutagenic substance, the presence of TK, 
such as the HSVTK under discussion, in an organism 
will result in the phosphorylation of BUdR and its in 
corporation into the DNA of the growing organism, 
resulting in its death. On the other hand, if the TK gene 
is absent or not expressed, and the primary metabolic 
pathway which then is followed results in the synthesis 
of phosphorylated thymidine, but not in the phosphory 
lation of BUdR, the metabolizing organism will survive 
in the presence of BUdR since this substance is not 
incorporated into its DNA. 
The growth behaviors discussed above are summa 

rized in FIG.5 of the accompanying drawings tabulat 
ing the growth behavior of organisms expressing TK 
(TK) and organisms free of or not expressing the TK 
gene (TKT) on a normal medium, on a selective me 
dium such as HAT which blocks the primary metabolic 
pathway not using TK, and on a medium containing 
BUdR. TK+ and TK organisms will both grow on a 
normal growth medium by employing the primary met 
abolic pathway not requiring TK. On a selective me 
dium such as HAT which blocks the primary metabolic 
pathway not relying on TK, the TK organism will 
nevertheless grow because the enzyme accomplishes 
the phosphorylation necessary for incorporation of 
thymidine into DNA. On the other hand, the TK 
organisms will not survive. In contrast, if the organisms 
are grown on a medium containing BUdR, the TKt 
variants will die since TK phosphorylates BUdR and 
this poisonous material is incorporated in the DNA. In 
contrast, since BUdR is not phosphorylated by the pri 
mary metabolic pathway, the TK variant will grow 
since BUdR is not incorporated into the DNA. 
Thus, if a vaccinia virus free of vaccinia TK, such as 

VTK79, is used as the vaccinia virus into which the 
HSVTK gene is inserted by the techniques of the pres 
ent invention, the presence and expression, or the ab 
sence, of the HSVTK gene therein can be readily deter 
mined by simply growing the recombinants on a selec 
tive medium such as HAT. Those viruses which are 
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mutated will survive since they use the HSV TK to 
synthesize DNA. 
The applicants have indeed prepared several mutants 

of vaccinia virus free of vaccinia TK. These have been 
denominated VP-3 (ATCC No. VR 2036), a recombi 
nant of VTK-79 and pDP 132, and VP-4 (ATCC No. 
VR 2033), a recombinant of VTK-79 and pPP 137. 
The latter expresses the HSV gene and can readily be 
identified using the selective media mentioned above. 
Two additional recombinant viruses, denominated 

VP-5 (ATCC No. VR2028), and VP-6(ATCC No. VR 
2029), are respectively recombinants of pDP 132 and 
pDP 137 with VTK-11 (ATCC No. VR 2027), a 
known L-variant of vaccinia which does not express the 
vaccinia TK gene. Thus, DNA can be introduced in 
excess of the maximum vaccinia genome length. 
The techniques of the present invention can be used 

to introduce the HSVTK gene into various portions of 
the vaccinia genome for purposes of identifying non 
essential portions of the genome. That is, if the HSVTK 
gene can be inserted into the vaccinia genome, as it is in 
the Hind III F-fragment thereof, the region of the ge 
nome into which it has been introduced is evidently 
non-essential. Each non-essential site within the genome 
is a likely candidate for the insertion of exogenous genes 
so that the methods of the present invention are useful 
in mapping such non-essential sites in the vaccinia ge 
Ole. 

Further, if the HSVTK gene is coupled with another 
exogenous gene and the resultant combined DNA mate 
rial is put into a vaccinia virus free of vaccinia TK gene, 
such as VTK79, recombinants which are formed and 
which contain the foreign gene will express the HSV 
TK gene and can be readily separated from the TK 
variants by the screening technique described immedi 
ately above. 
A further embodiment of the invention involves the 

preparation of a vaccinia Hind III F-fragment contain 
ing an exogenous gene therein and the treatment of cells 
with the fragment together with a vaccinia mutant not 
expressing the vaccinia TK gene but having the HSV 
TK gene incorporated therein by in vivo recombination 
according to the techniques of the present invention. As 
with the marker rescue mentioned earlier herein, and 
the in vivo techniques employed to incorporate the 
TK-modified Hind III F-fragment into vaccinia, cross 
over and recombination can occur to produce a further 
mutant in which the HSV TK modified F-fragment is 
replaced by a F-fragment containing another exogenous 
gene. The resulting vaccinia mutant, in which the HSV 
TK F-fragment has been replaced by an F-fragment 
containing the exogenous gene, will be totally free of 
TK, whereas the non-mutated parent virus predomi 
nantly present will still be HSV TK+. Similarly a for 
eign gene may be inserted into the HSV TK gene pres 
ent in such a vaccinia mutant, disrupting the integrity of 
the gene rendering the recombinant organism TK in 
comparison with the non-mutated TK parent. In both 
instances, an immediate discrimination can be made 
between those vaccinia mutants containing the foreign 
gene and those which are free of any TK by growth on 
BUdR and/or a special medium such as HAT. 
FIGS. 7 A-C can best be understood in conjunction 

with FIGS. 3 A-C. Thus, it will be seen from FIG. 3 B 
that plasmid pdP3, prior to the incorporation of any 
additional DNA therein, has a molecular weight of 11.3 
megadaltons (md). When further DNA is incorporated 
therein, such as the herpes Bam TK fragment shown in 
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FIG. 3 B, to produce plasmids pDP 132 and pDP 137, 
the latter plasmids have an increased molecular weight 
of, respectively, 13.6 and 15.9 md. Since these molecu 
lar weights are approximately at the upper limit of repli 
cation for the plasmid, it has proved desirable to create 5 
a plasmid containing the vaccinia Hind III F-fragment, 
but which plasmid is of a lower molecular weight than 
pDP3 shown in FIG. 3 B. A method for creating such 
a lower molecular weight plasmid is shown in FIGS. 7 
A-C. 10 
More in particular, FIG. 7 A shows plasmid pidP3 

containing the Hind III F-fragment of vaccinia of mo 
lecular weight 8.6 megadaltons. As shown in the Fig 
ure, the plasmid contains three sites susceptible to cleav 
age by the restriction enzyme Pst I. Two of these sites 15 
are within the F-fragment portion of the plasmid, while 
the third is within that portion of the plasmid which is 
derived from parent plasmid pBR 322. As further 
shown in FIG. 7 A, when plasmid poP 3 is cleaved 
with Pst I, three fragments are obtained. The fragment, 
which is solely a portion of the vaccinia Hind III F 
fragment, has a molecular weight of 3.7 md. There are 
also two other fragments each combining portions of 
the parent pbR 322 and vaccinia Hind III F-fragment. 
The largest, "pure' F-subfragment, can be easily 25 

isolated. As shown in FIG. 7 B, the fragment can then 
be introduced into pbR 322 at a Pst I site therein after 
cleavage of the pbR.322 plasmid with Pst I. The joinder 
of the parent fragments with T4 DNA ligase produces 
the new plasmid poP 120, shown in FIG. 7 C, which 30 
has a molecular weight of only 6.4 md. The lower mo 
lecular weight of the pDP 120 plasmid, in comparison 
with pop 3, permits the introduction thereinto of 
longer DNA sequences without approaching the upper 
limit of replication as do plasmids pIDP 132 and pdP 35 
137 shown in F.G. 3 C, 
Again, a better understanding of FIGS. 8A-D will 

be had by referring to FIGS. 3 A-C. More in particular, 
FIGS. 3B and 3 C show the incorporation of a herpes 
Bam TK fragment into plasmid pDP3 to form plasmids 40 
pDP132 and 37. As explained more in detail in Example 
X of the application, this herpes Bam TK fragment is 
introduced into vaccinia virus by an in vivo recombina 
tion technique involving simultaneous treatment of suit 
able cells with vaccinia virus and Hind III-treated pdP 45 
132 or pdP 137. It will be evident from an inspection of 
FIG. 3 C that treatment of the aforementioned plasmids 
with Hind III will excise that portion of the plasmids 
originally derived from plasmid pbR 322, since the 
herpes Ban TK fragment to be incorporated into the 
vaccinia virus by in vivo recombination was present in 
a vaccinia HindIIIF-fragment joined with the pBR322 
segment at a Hind III site. Thus, the herpes Bam TK 
gene is incorporated into vaccinia without the pBR322 
DNA sequence. 55 
However, because of the numerous restrictions sites 

available in the pbR322 plasmid, for example including 
Eco RI, Hind III, Bam HI, Pst I, etc., the plasmid is 
particularly advantageous for the introduction of DNA 
sequences thereinto. Hence, it would be desirable to be 60 
able to introduce pBR322 into a vector such as vaccinia 
WS. 

FIGS. 8A-D show the development of two plasmids 
by means of which the versatile DNA sequence of pBR 
322 can be incorporated into vaccinia virus by in vivo 65 
recombination and, particularly, the production of two 
vaccinia mutants, VP7 and VP 8, containing the pBR 
322 DNA sequence. 
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More in particular, FIG. 8A shows the vaccinia Hind 

III F-fragment also shown in FIG. 3A of the drawings. 
The linear segment can be self-ligated to form a circular 
F-fragment as also shown in FIG. 8A. The joined Hind 
III termini are indicated on both the linear and circular 
fragment as "a" and "d', respectively. The termini on 
either side of a Bam HI site are also shown in FIG. 8 A 
2S “c' and “b'. 
As particularly shown in FIG. 8 B, this circularized 

F-fragment can be treated with Bam HI to produce a 
linear DNA sequence in which the Bam HI termini "b" 
and "c" are shown with respect to the Hind III termini 
"a" and "d". This linear sequence will be referred to as 
an "inverted F-fragment”. 

If, as further shown in FIG.8B, Bam HI-treated pbR 
322 and the linear inverted F-fragment sequence of 
FIG. 8 Bare combined with T4DNA ligase, two plas 
mids are produced, depending on the relative alignment 
of the inverted F-fragment and the parent pbR 322 
sequence. These two plasmids are shown in FIG. 8 Cas 
pDP 301 B and pdP301A, each of which has the same 
molecular weight of 11.3 md. 
The incorporation of plasmids plop 301 A and 301 B 

into vaccinia by in vivo recombination is shown in FIG. 
8 D. Namely, each of these plasmids was incorporated 
by in vivo recombination into vaccinia virus VTK79, 
respectively to produce vaccinia mutants VP7 (ATCC 
No. VR 2042) and VP 8 (ATCC No. VR 2053). As 
shown in this Figure, for this purpose the pDP 301 
plasmids are each cleaved with Sst I to produce linear 
DNA sequences the termini of which are homologous 
with a corresponding DNA sequence present in the 
F-portion of the vaccinia virus genone. Simultaneous 
treatment of cells with the Sst I-treated plasmids and 
vaccinia virus results in in vivo recombination with 
incorporation of the pBR 322 DNA sequence into the 
virus genome. .. 
The advantage of the presence of the pBR 322 se 

quence in the vaccinia genome of VP7 and VP8 is that 
in vivo recombination can be readily effected using 
these variants and pbR 322 sequences modified to have 
a variety of foreign DNA sequences therein. In this 
instance, it is the homologous base pairs of psR 322 in 
the vaccinia genome and in the modified pbR 322 DNA 
sequence to be introduced which facilitate crossover 
and recombination, as is illustrated hereinafter with 
respect to the construction of further new vaccinia 
virus mutants identified as VP 10, VP 13, VP 14, and 
VP 16. 
FIGS. 9 and 10 concern the insertion of an influenza 

gene into vaccinia to provide two further vaccinia mu 
tants, VP9 and VP 10. 
The influenza genome consists of eight separate 

pieces of RNA each of which codes for at least one 
different protein. One of the principal immunogenic 
proteins is the hemagglutinin protein and because of this 
the HA gene was chosen for insertion into vaccinia. The 
genome of the influenza virus contains genes in an RNA 
sequence and, for incorporation into a plasmid, they 
must be converted into a DNA copy, identified as 
cDNA. As known in the art, the cDNA copy of the HA 
RNA genome is made using reverse transcriptase, all as 
described by Bacz et al. in Nucleic Acids Research 8, 
5845-5858 (1980). 
The influenza virus exists in a number of variants, 

classified according to the nature of the HA gene and 
another of the eight genes, namely that coding for neur 
aminidase. Within the influenza virus family, there are 
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three main types of the HA serotype, designated 
H1-H3. 

In the construction of vaccinia virus mutant VP9 and 
10, the influenza virus employed was A/PR/8/34, 
which contains an H1 HA gene. 
FIG. 9 A shows two circular plasmids, p.Z 102 A 

and pZ 102 B. The plasmids were prepared by incor 
porating a cDNA copy of the influenza hemagglutinin 
(HA) gene into pbR322 at the HindIII site. The A and 
B plasmid variants differ in the orientation of the HA 
gene therein, as has been indicated in FIG. 9A by refer 
ence to an initiation codon contained within the HA 
gene and located within the gene by its proximity to an 
Ava I site within the gene. The relative positions of the 
Ava I site and the initiation codon in the pZ 102A and 
B variants are indicated in FIG. 9 A. 

If plasmid pZ. 102A is treated with Bam HI and T4 
DNA ligase in the presence of an "inverted” F-frag 
ment of vaccinia virus (the latter shown in FIG. 8 B), 
the result is a further plasmid shown in FIG. 9 B as plZ 
102 A/F in which the pjZ 102 A parent plasmid is 
combined with the vaccinia F-fragment. 
As further shown in FIG. 9 B, if the pjZ 102 A/F 

plasmid shown in FIG. 9 B is incorporated into the 
VTK-79 strain of vaccinia virus by in vivo recombina 
tion, a vaccinia mutant, VP9 (ATCC VR No. 2043), is 
produced, which mutant contains and expresses the 
influenza hemagglutinin antigen (HA) gene and can be 
used, as hereinafter described, to promote the produc 
tion of antibodies to the antigen in a mammal. 
FIG.9 C is a map of that portion of the genome of VP 

9 containing the pjZ 102 A/F DNA sequence and the 
HA gene therein. 
FIGS. 10 A-C show the construction of a second 

vaccinia mutant containing the influenza hemagglutinin 
(HA) gene, which vaccinia mutant is designated herein 
as VP 10 (ATCC No. VR 2044). 
More in particular, the VP 10 mutant is constructed 

by in vivo recombination of DNA from plasmid pZ. 
102 B (cf. FIG.9A) with the pBR 322 DNA sequence 
found in vaccinia mutant VP7, the production of which 
mutant from plasmid pIDP 301A is shown in FIGS. 8C 
and 8D. 
Thus, FIG. 10A is a linear DNA map of pjZ 102B 

after treatment of that circular plasmid with Bam HI. 
Again, the initiation codon within the HA gene is indi 
cated with reference to an Ava I site within the gene 
which is, in turn, contained within the DNA sequence 
of plasmid pBR 322. FIG. 10B shows a portion of the 
genome found within vaccinia mutant VP7 as the result 
of the incorporation of plasmid poP 301A into 
VTK79 by in vivo recombination. More in particular, 
FIG. 10B shows the presence of the pBR 322 genome 
surrounded on each side by portions of the F-fragment 
of vaccinia virus, the presence of which F "arms' per 
mitted the incorporation of the pbR.322 DNA sequence 
into the vaccinia genome in the first place. 
Reference has been made earlier in the specification 

to using in vivo recombination to render an HSV TK+ 
vaccinia virus HSVTK. This involves replacing the 
HSV TK gene, present in such a virus, with an HSV 
TK gene containing a foreign gene therein rendering 
the HSV gene TK. The work under discussion illus 
trates such a technique using other DNA, specifically 
pBR 322 DNA, which also is exogenous to vaccinia. 
That is, recombination will occur with vaccinia so long 
as there are homologous sequences, in the transfecting 
(donor) DNA and in the infecting virus, flanking the 
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foreign gene to be inserted, whether such sequences are 
or are not endogenous vaccinia sequences. Still other 
DNA sequences can be inserted into vaccinia and subse 
quently utilized for in vivo recombination in a similar 
fashion. 

Because of the presence of homologous base pairs in 
the pBR 322 portions of p)Z 102B (shown in FIG. 10A) 
and the pBR 322 DNA sequence contained within the 
genome of VP 7 (cf. FIG. 10B), crossover can occur 
during in vivo recombination involving the simulta 
neous treatment of cells with VP7 and pyZ 102B, with 
the incorporation of the HA fragment into the vaccinia 
genome to create the vaccinia mutant VP 10, as shown 
in FIG. 10C. 
VP 10 illustrates that recombination in vivo can 

occur within the 350 base pairs between the Hind III 
and Bam HI sites at the right end of the p3R 322 se 
quences shown in FIGS. 10 A-C. 
To determine whether or not viruses VP9 and VP 10 

are expressing the HA gene, a series of tissue cultures 
was prepared. Namely, BHK cells, present in a first pair 
of Petri dishes, were infected with A/PR/8/34 influ 
enza virus. CV-1 cells, present in another pair of Petri 
dishes were infected with VP9 vaccinia variant, and 
CV-1 cells present in a third pair of Petri dishes were 
infected with the VP 10 vaccinia variant. After permit 
ting the viruses to grow within the cells, the infected 
cells present in one of each of the three pairs of Petri 
dishes were treated with H1 HA antiserum: the second 
set of three celi cultures (one BHK and two CV-1 cul 
tures) were treated with H3 HA antiserum. All of the 
cell cultures were next washed and then treated with 
protein A labelled with 25I. After treatment with the 
labelled protein A, the cell cultures are again washed 
and the radioautographed. If influenza antigen is being 
produced by the infected cells, the antigen will react 
with antibodies contained within the H1 HA antiserum 
but not the H3 HA antiserum. These complexes will not 
be washed from the plates and the 12I protein A will 
bind with the constant portion of the heavy chains of 
the residual antibody in the complex if the complex is 
present. . 

It was determined that complexes were formed in the 
Petri dish infected with A/PR/8/34 and treated with 
H HA antiserun, as was also true of the CV-1 cells 
infected with VP 9. In contrast, no antigen-antibody 
complexes were formed in any cells infected with VP 
10, nor was any complex formation detected in the cell 
cultures infected either with A/PR/8/34 or VP9 when 
these cell cultures were treated with H3 HA antiserun. 
From this experiment, it can be concluded, first, that 

the VP 10 vaccinia variant does not express the H1 HA 
gene at a level detectible by this assay. Conversely, the 
VP9 variant does express this gene. Further, the ex 
pression VP9 is specific to H1 HA, since there is no 
complex formation in the VP 9-treated cell cultures 
which are subsequently contacted with H3 HA antise- . 

Knowing that VP9 expresses the H1 HA gene in 
vitro, it was next tested whether the VP 9 vaccinia 
mutant would sufficiently express the H1 HA gene to 
stimulate the formation of antibodies in an animal in 
fected with this vaccinia mutant. 

For this test, rabbits were infected with vaccinia virus 
VP9 by intravenous injection. After 17, 25, and 41 
days, blood was withdrawn from the rabbits and the 
serum was collected. The presence of antibodies to Hl 
HA within this serum was tested by a series of in vitro 
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experiments similar to those earlier described involving 
the infection of cell cultures with A/PR/8/34 and VP 
9. The formation of an immune complex was observed 
when a cell layer infected with VP9 was treated with 
the rabbit antiserum. However, this test merely indi 
cates that the rabbit produced antibodies to the vaccinia 
virus: it is not possible to determine whether antibodies 
were produced specifically to the H1 HA antigen. 
However, the formation of a complex between the rab 
bit antiserum and a BHK cell monolayer infected with 
A/PR/8/34 did indicate the presence, in the antiserum, 
of antibodies specific to the H1 HA antigen. 

O 

As a separate criterion for the production of HA 
antibodies, an hemagglutinin inhibition assay was per 
formed. This test makes use of the property of HA to 
agglutinate red blood cells into large complexes. 
To perform the assay, the rabbit antiserum was first 

serially diluted. Each serial dilution of the antiserum 
was reacted with the same fixed quantity of hemaggluti 
nin, obtained by extracting cells infected with influenza 
virus. If antibodies are present in the antiserum in an 
amount equal to or in excess of the amount of hemag 
glutinin introduced into each serial dilution, the result 
ing mixture will inhibit the agglutination of red blood 
cells admixed therewith because of the presence of an 
excess of antibody with respect to the agglutinating 
agent, HA. 

In the serial dilution performed (on the 45 day antise 
rum), all dilutions up to and including 1:320 inhibited 
red blood cell agglutination. This indicated the pres 
ence, in the antiserum, of H1 HA antibodies in an 
amount in excess of the HA antigen added thereto. 
These experiments demonstrate two important facts. 

First, it is possible to create a vaccinia mutant according 
to the techniques of the present invention, which mu 
tant when introduced into an animal model will stimu 
late the production, even with only primary infection, 
of antibody to a protein coded for by a gene within the 
vaccinia mutant, which gene is foreign both to vaccinia 
and to the animal into which it is introduced. Second, 
the experiments show that the production of antibodies 
by the animal to vaccinia itself does not interfere with 
the simultaneous production of antibodies to the prod 
uct coded for by the foreign DNA contained within the 
vaccinia mutant. 
The construction of plasmids poP 250A and pdP 

250B and their incorporation into VTK79 to give, 
respectively, new vaccinia mutants VP12 (ATCC No. 
VR2046) and VP li (ATCC No. VR 2045) is shown in 
FIGS. 11 A-E, 

It is possible to isolate a circular DNA comprising the 
entire hepatitis B virus (HBV) genome. As shown in 
FIG. 11 A, the genome is represented as comprising a 
region coding for the surface antigen, including a pre 
surface antigen region containing an Eco RI site 
therein. These surface antigen regions are depicted in 
FIG. 11 A as a "block' contained within the genome, 
the remaining DNA of which is represented by a zig 
zag line. When the genome is treated with Eco RI to 
cleave it, the linear DNA sequence obtained is dis 
rupted in the pre-surface antigen portion thereof such 
that a portion of the pre-surface antigen region is pres 
ent at each terminus of the linear DNA sequence. The 
two termini of the sequence, one on each side of the Eco 
RI site in the circular genome, are represented both in 
the circular genome and the linear DNA fragment re 
spectively by a circle and square. 
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If the HBV DNA fragment is now incorporated into 

pBR322, as shown in FIG. 11B, and that plasmid which 
contains two hepatitis B fragments in tandem is isolated, 
the known plasmid pTHBV 1, shown in FIG. 11 B, is 
obtained. This plasmid will contain therein the recon 
structed pre-surface antigen and surface antigen regions 
of the original hepatitis B genome, as has been pointed 
out by encircling these regions with dashed lines in the 
depiction given of plasmid pTHBV 1 in FIG. 11 B. This 
entire construction is described by Hirschman et al, 
Proc. Natl. Acad. Sci. USA 77, 5507-5511 (1980). 
This sag region of pTHBV 1 can be isolated by treat 

ment of the plasmid with the restriction enzyme Bgi II. 
The pBR322 portion of the pTHBV 1 plasmid contains 
no Bgl II site, while each of the two HBV DNA frag 
ments, present in tandem in the plasmid contains three 
Bgl II sites. Thus, pTHBV 1 contains six Bgl II sites, all 
in the HBV DNA, but all of which are outside the SAg 
region. Thus, as shown in FIGS. 11 B and 11 C, cleav 
age of pTHBV 1 with Bgl II will produce a linear DNA 
fragment containing the SAg region of the hepatitis B 
virus. Galibert et al., Nature 281, 646-650 (1979)). 
This fragment can be incorporated into the plasmid 

pDP 120, the production of which is earlier described in 
FIGS. 7 A-C, although the pDP 120 plasmid contains 
no Bgl II site. 
The recognition sequence for the enzyme Bgl II is 

-AGATCT with the cleavage site being between -A 
and GATCT-. On the other hand, the recognition site 
for Ban HI is -GGATCC-, with the cleavage site being 
between -G and GATCC-. Thus, if DNA containing 
either of these recognition sites is respectively cut with 
Bgl II or Bam HI, in each case a-GATC- "sticky end" 
will be produced, which ends will be ligatable (but then 
no longer subject to cleavage by either Bgl II or Bam 
HI). 
The new plasmids prop 250 A and PDP 250 B are 

constructed as shown in FIGS. 11 C and D by partial 
cleavage of pDP 120 with Bam HI and ligation of the 
"sticky ends-- so produced with the corresponding 
"sticky ends-- of the Bgl II fragment of the hepatitis 
virus genome. 
As known in the art, it is possible to discourage the 

re-circularization of Bam HI-cleaved pdP 120 by treat 
ment of the cleaved plasmid with alkaline phosphatase, 
an enzyme which removes terminal phosphoric acid 
groups from the 5'-cleaved ends of the linear DNA of 
pDP 120. Removal of the phosphoric acid groups pre 
vents a re-circularization reaction of the pDP 120, but 
does not interfere with reaction of the 3'-OH termini of 
the linear pdP 120 DNA with the 5'-phosphate ends 
present on the Bgl II fragments, with subsequent circu 
larization to produce plasmids such as pdP 250A and 
pDP 250 B. Thus, the statistical probability for the 
creation of the latter, tetracycline resistant, plasmids 
can be increased with the alkaline phosphatase treat 
ment as described. 

Ultimately, plasmids poP 250 A and poP 250 B are 
identified by restriction analysis using Xho I to deter 
mine orientation. 
As shown in FIGS. 11 D and E, the virus mutants VP 

11 and VP 12 are respectively derived from plasmids 
pDP 250B and pLoP250A by in vivo recombination of 
these plasmids with VTK-79 vaccinia virus. Crossover 
and recombination occur in the long and short 'arms' 
of the vaccinia F-fragment present in the plasmids. That 
portion of the plasmids derived from pBR 322 is not 
incorporated into the virus. 
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FIG. 12 A shows the structure of the pTHBV 1 plas 
mid, known in the art and shown earlier herein in FIG. 
11 B. As shown in the Figure, if the plasmid is treated 
with the restriction enzyme Hha I, two identical frag 
ments will be obtained containing only that region of 
the HBV genome contained within the plasmid which 
codes for the surface antigen, free of any pre-surface 
antigen region. (In fact, there are many Hha I restric 
tion sites within pTHBV 1, and numerous fragments 
will be produced upon digestion with this restriction 
enzyme. However, the fragment of interest discussed 
above is the largest of the numerous fragments obtained, 
and can be readily isolated because of this fact.) A linear 
DNA map of this Hha I fragment is also shown in FIG. 
12 A, with the further indication of a Bam HI site for 
purposes of orientation. 

If the Hha I fragment of FIG. 12 A is treated first 
with T4DNA polymerase and then Hind III linkers are 
added with T4 DNA ligase, the fragment can be pro 
vided with Hind III sticky ends. As known in the art, 
T4DNA polymerase has both a polymerase activity in 
the 5'- to 3'-direction, as well as exonuclease activity in 
the 3'- to 5'-direction. The two opposing activities will 
result in the "chewing off" of 3'-OH ends in the Hha I 
fragment shown in FIG. 12 A until an equilibrium state 
is reached, with the resultant production of a blunt 
ended DNA fragment. The blunt ended fragment can 
be treated with Hind III linkers, known in the art, 
which are essentially decanucleotides containing 
therein the recognition sequence for Hind III. 
As shown in the map in FIG. 12 B, the resulting 

fragment will have Hind III sticky ends and can be 
introduced, as shown in FIG. 12 B, into pbR 322 by 
treatment of the latter plasmid with Hind III and T4 
DNA ligase. The resultant plasmid, identified in FIG. 
12 C, is designated as pdP 252. 

Finally, as shown in FIG. 12 D, this plasmid can be 
introduced into vaccinia mutant VP8 by in vivo recom 
bination to produce new vaccinia variant VP 13 
(ATCC No. 2047). Expression of the HBV gene by VP 
13 has not yet been detected. 
FIGS. 13 A-C show the production of two further 

virus mutants, VP16 (ATCC No. VR 2050) and VP 14 
(ATCC No. VR 2048), each containing the DNA se 
quence of herpes virus type I which codes for produc 
tion of the herpes glycoproteins gA-gB. 
More in particular, FIG. 13 A is a map of the EcoRI 

fragment F of herpes virus type I, strain KOS (Little et 
al, Virology 112, 686-702 (1981). As is evident from 
the Figure, the DNA sequence contains numerous Bam 
HI sites (indicated as B) within the sequence, including 
one DNA region 5.1 md in length between adjacent 
Bam H. sites and representing the largest Bam HI frag 
ment within the EcoRI fragment under discussion. 
As further shown in FIG. 13 A, this EcoRI fragment 

can be introduced into pBR 322 by treatment with Eco 
RI and T4 DNA ligase to produce two new plasmids, 
respectively identified as pBL 520 A and 520 B, distin 
guished by the orientation of the Eco RI fragment 
therein (as indicated by the HpaI sites used for orienta 
tion.) 

Finally, as shown in FIG. 13 C, these plasmids can be 
introduced into vaccinia virus mutant VP7 (containing 
the pBR 322 genome) by in vivo recombination analo 
gous to that discussed for FIGS. 10 and 12, thus produc 
ing vaccinia mutants VP16 and VP 14 respectively. 
Thus, this is a further example of the use of the pBR 

322 DNA sequence (rather than the DNA sequence of 
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the vaccinia F-fragment) to effect in vivo recombina 
tion for the production of further vaccinia virus mu 
tants. Also, vaccinia variants VP16 and 14 produced by 
this method are of interest in containing more than 
20,000 base pairs of foreign DNA incorporated into the 
genome of vaccinia virus. This represents a minimum 
upper limit of foreign DNA insertion into vaccinia. 
FIGS. 14 A-C show the production of two further 

virus mutants, VP 17 and VP 18, into which have been 
introduced a Ban HI segment of the herpes virus type 
I (strain KOS) Eco RI fragment F. The Eco RI frag 
ment F is shown in FIG. 13 A as including this 5.1 
megadalton Bam HI fragment G. 
FIG. 14. A shows this Bam HI fragment, including 

the location therein of two Sst I sites which are asym 
metric and are used for orientation. 
This Bam HI segment of the herpesvirus, which still 

codes for the production of herpes glycoproteins 
gA-gB cf. De Luca et al., ibid.), is introduced into 
pDP 120 (cf. FIG. 7 C) by partial digestion with Bam 
HI and T4DNA ligase, as further shown in FIG. 14A. 
As shown in FIG. 14 B, two new plasmids, pHL 522 

A and pBL 522 B, are obtained, each having a molecu 
lar weight of 11.6 megadaltons and each containing the 
Bam HI fragment G of the herpes virus genome in one 
of two different orientations. 

Finally, as shown in FIG. 14C, these plasmids can be 
introduced into VTK-79 by in vivo recombination to 
produce vaccinia mutants VP17 (ATCCNO. 2051) and 
VP 18 (ATCC No. VR 2052). Expression of the herpes 
glycoprotein gene by mutants VP 17 and 18 has not yet 
been determined. 

FIGS. 15A-F illustrate the construction of a further 
vaccinia variant, VP 22 (ATCC No. VR 2054) wherein 
foreign DNA is present in the vaccinia genome in a 
non-essential region different from the F-fragment uti 
lized for the production of other vaccinia variants de 
scribed herein. 
More in particular, FIG. 15 A shows the Ava I H 

fragment of the vaccinia virus L-variant genome. As 
shown in FIG. 6 A, the Ava I fragment is entirely 
within the region deleted from the S-variant and, hence, 
is known to be non-essential for the viability of the 
virus. 
As shown in FIG. 15 A, this Ava I H-fragment is 

combined with a Hind III-cleaved pBR 322 plasmid to 
form a new plasmid, pDP 202, shown in FIG. 15 B. The 
ligation is accomplished by "blunt-ending' both the 
Ava I H-fragment of vaccinia and the termini of the 
HindIII-cleaved p3R plasmid, using T4DNA polymer 
ase. When the blunt-ended DNA sequences are com 
bined in the presence of T4 DNA ligase, pIDP 202 is 
formed. 
As further suggested in FIG. 15 B, the new plasmid, 

pDP 202, is combined with a herpes Bgl/Ban TK frag 
ment. The latter fragment is obtained from the herpes 
Bam TK DNA fragment (cf. FIG. 3B) by treatment 
with Bgl II. The treatment with Bgl II removes the 
endogenous herpes promoter region contained within 
the Ban TK fragment. 

Because, as earlier noted, Bgl II and Bam HI produce 
the same "sticky ends' on DNA treated therewith, the 
resulting herpes Bgl/Bam TK fragment can be inserted 
into a Bam site within pDP 202. 
As suggested by FIG. 15 C, such an insertion is ef. 

fected by partial digestion with Bam HI and treatment 
with T4 DNA ligase. 
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Since the H-fragment of vaccinia present in ploP 202 
contains three Bam HI sites, a total of six plasmids can 
be produced by insertions in this region, namely two 
variants for each of the three Bam H.I sites, depending 
on the orientation in each site of the herpes Bgl/Ban 
TK DNA sequence. The orientation of the latter can be 
recognized by the presence therein of a non-symmetric 
Sst I site near the Bgl II end of the fragment. 
As shown in FIG. 15 C, two plasmids, pIDP 202 

TK/A and pDP 202 TK/D are obtained when the 
herpes Bgl/Bam TK fragment is inserted in the first of 
the three Bam HIsites present within the H-fragment of 
vaccinia present in pDP 202. Similarly, two other plas 
mids, pIDP 202 TK/E and /C are obtained upon inser 
tion of the Bgl/Bam DNA sequence in the second of the 
three available sites. Finally, two further plasmids, pIDP 
202 TK/B and /F are obtained upon insertion of the 
Bgi/Bam fragment in each of two possible orientations 
in the third Bam HI site. Of these plasmids, pdP 202 
TK/E has proved of particular interest. 
The plasmid is shown in greater detail in FIG. 15 D, 

wherein the orientation of the Bgl/Bam fragment is 
indicated. 
The plasmid can be incorporated by in vivo recombi 

nation into the genome of VTK-79 L. FIG. 15 E is an 
Ava I map of the left-hand portion of this vaccinia 
genome. A map of the modified genome, which is the 
genome of VP 22, is shown in FIG. 15 F. 
This vaccinia variant is of particular interest since it 

shows a higher level of TK expression than do variants 
VP2, VP4, and VP 6, in which the Bam TK fragment 
is present within the F-fragment of vaccinia. Further, 
VP 22 demonstrates the introduction of foreign DNA 
into non-essential portions of the vaccinia genome other 
than the F-fragment which has been used, as a matter of 
convenience, for the constructions of other vaccinia 
variants reported herein. . 

Finally, since all the herpes virus regulatory sequen 
ces are deleted from the Bgl/Bam herpes virus DNA 
sequence by treatment with Bgl II, as described earlier 
herein, the VP22 vaccinia variant demonstrates conclu 
sively that transcription in this recombinant virus is 
initiated by regulatory signals within the vaccinia ge 
Ole. . 

FIG. 16 shows the construction of a plasmid, pRW 
120, useful in the construction of three further vaccinia 
variants, vp 53, vp 59, and vR 60, discussed further 
below. Both the pDP 3 and pLoP 120 plasmids earlier 
described herein contain two Bam H.I sites within the 
plasmid, one in the vaccinia fragment present in these 
plasmids and one in that portion of the plasmid derived 
from pbR 322. This necessitates partial Bam HI diges 
tions when it is sought to clone into the Bam HI site 
within the vaccinia fragment. pRW 120 is created to 
eliminate this problem since it is a plasmid with only a 
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triphosphates (dNTPs), and rejoining the blunt ends in 
the presence of T4DNA ligase to form the plasmid pBR 
325(Bam X), which retains only resistance to anpicillin 
and chloramphenicol. 
A Pst I subfragment of the vaccinia Hind III F-frag 

ment, the derivation of which is shown in FIG. 7A, is 
now introduced into the Pst I site of pHR 325(Bam X) 
to produce the new plasmid, pRW 120. The introduc 
tion of this subfragment into the Pst I site of pBR 
325(Bam X) destroys the ampicillin resistance of the 
parent plasmid so that pRW 120 is now sensitive to both 
ampicillin and tetracycline, but resistant to chloram 
phenicol. These properties permit its identification and 
isolation. The sole Bam HI site present within the vac 
cinia Pst I subfragment in pRW 120 is the locus for 
further introduction of DNA, exogenous to vaccinia, 
for the creation of additional vaccinia virus mutants. 
More in particular, as shown in FIG. 17, a Hind III 

DNA sequence containing the influenza HA gene is 
obtained from plasmid pyZ 102 (cf. FIG. 9A and Exam 
ple XV). The DNA is blunt ended with T4DNA poly 
merase in the presence of dNTPs and Ban HI linkers 

... are then added, all by techniques known to those skilled 
in the art. The Bam HI terminated HA gene is next 
incorporated into prW 120 by linearizing the plasmid 
with Bam HI, treating with calf intestine alkaline phos 
phatase (CIAP), and ligating in the presence of T4DNA 
ligase to form the new plasmid, pdP 122 B (ATCC 
39736). 
Using techniques disclosed elsewhere herein, this 

VTK-79 by in vivo recombination to produce new 
vaccinia variant vP 53 (ATCC VR 2060). (This plas 

35. 

45 

50 

55. 
single Ban HI site and that is within a Pst Isubfragment 
of the vaccinia F-fragment present in the new plasmid. 
The new plasmid is derived from the known plasmid 

pBR 325, which is commercially available and has a Pst 
I site, an EcoRI site, and a Bam HI site, among others. 
As is evident from FIG. 16, each of these three cleavage 
sites is associated with resistance to an antibiotic, specif 
ically to amplicillin (Pst I), to chloramphenicol (Eco 
RI), and to tetracycline (Bam HI). 
According to the present invention the parent plas 

mid is modified to remove the Bam HI site by cleavage 
65 

ofpbR 325 with Bam HI, blunt ending the result linear 
DNA with T4DNA polymerase and deoxynucleoside 

mid, pIDP 122 B, is inserted into the vaccinia fragment 
such that the 5' to 3’ direction of transcription of the 
HA gene is consistent with the direction of transcrip 
tion initiated by the vaccinia promotor sequence.) 

Expression of the HA gene was detected, as for the 
aforementioned mutants vF 9 and vp 10, by radioimmu 
noassays (RIA) and the production of HA antibodies by 
the immunization of rabbits. The immune serum so 
obtained was tested for activity using an hemagglutina 
tion inhibition assay and by plaque reduction assays 
determining the ability of the serum to neutralize viral 
infectivity. 
The new virus, vP 53, expresses the HA gene more 

strongly than either vP 9 or vP 10. 
FIG. 18 shows the construction of a vaccinia virus 

mutant, vR 59, containing the hepatitis B virus surface 
antigen (HBs.Ag). More in particular, plasmid pdP 252 
(ATCC 39735) (cf. FIG. 12C) is used to amplify the 
hepatitis gene coding for the s-antigen in E. coli using 
known techniques. DNA containing the gene is then 
isolated from the plasmid with HindIII, the fragment is 
bluntended, and Bgl II linkers are affixed. The resulting 
fragment is now incorporated into the Bam HI site of 
pRW 120 (both Bam HI and Bgl II produce GATC 
sticky ends) to form the new plasmid poP 232 B. Using 
this plasmid, the HBs.Ag DNA sequence is incorporated 
into VTK79 by in vivo recombination to form vP 59 
(ATCC VR 2061). 

Cells infected with the vP 59 virus express significant 
levels of HBs.Ag in vitro. Radioimmunoassays of the 
infected cells and of the growth medium showed the 
excretion by the cells of HBs.Ag in amounts of 150-200 
ng in a 24 hour period per 106 cells at a multiplicity of 
infection of about 2 pful per cell. Since more than 90 
percent of the viral infectivity was cell-associated, the 
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presence of HBs.Ag in the growth medium is not due to 
lysis of the infected cells. However, significant levels of 
HBs.Ag were not detectible by RIA in unfixed cells 
infected with vP 59, suggesting that SAg does not accu 
mulate in the cell membrane. 

Antisera were again prepared by the inoculation of 
rabbits, as discussed earlier herein for vaccinia mutant. 
vP 9, and antibody production was confirmed by RIA. 
The level of expression of HBs.Ag by vaccinia recombi 
nant vp 59 is several thousand times greater than that 
exhibited by vP 11 (cf. Example XXXII infra. The 
greater expression is apparently associated with the 
absence, from the Hha I fragment present in vF 59, of 
the pre-sAg region of the HBs.Ag gene. This same Hha 
I fragment, free of the pre-sAg region, is used to con 
struct vP 13 (cf. FIG. 12). However, vP 59 differs from 
vP 13 in that the latter, in addition to containing the SAg 
sequence, additionally contains the DNA of pBR 322. 
Indeed, the sag is inserted into a Hind III site within 
the pBR 322 sequence of vP 8 to form vP 13. 
FIG. 19 shows the construction of a vaccinia variant, 

vP 60 (ATCC VR 2062), expressing the herpes simplex 
virus type 1 glycoprotein D(HSVgD). 
gD glycoprotein from Herpes virus type 1 and Her 

pes virus type 2 have type-common antigenic determi 
nants so that antibodies to these antigenic determinants 
are cross-reactive with the antigens. That is, antibodies 
to the type 1 virus gld will react with type 2 gld and 
vice versa. However, since the glycoproteins are not 
identical in both viruses, antibody to one virus type will 
not be as effective in neutralizing antigen of the other 
type. 
More in particular, the Eco RI fragment H of HSV 

type I (strain KOS) was inserted into the EcoRI site of 
pBR 322 to produce two new plasmids collectively 
identified aspb. 540. The plasmids differ in the orienta 
tion of the EcoRI fragment in pBR322, which orienta 
tion, however, is immaterial to the use to which the 
plasmids are put. One plasmid, designated pBL 540A 
(ATCC39734) was cloned in E.coli for amplification of 
the Eco RI H-fragment. A 2.9 megadalton Sst I frag 
ment containing the HSVgD gene was isolated from 
pBL 540, as shown in the Figure. After affixation of 
Bam HI linkers thereto, the DNA sequence was intro 
duced into the Bam HI site of pRW 120 (cf. FIG.16) to 
produce the new plasmid pBL 310. Again, after amplifi 
cation in E. coli, a HindIII to Bam HIsubfragment, 1.65 
md in length and still containing the HSVgD gene, was 
isolated. This fragment contains the coding sequence 
for the herpes gld gene free of the endogenous herpes 
promotor sequence. Watson et al. Science 218, 381 
(1982). 
Bam HI linkers were affixed to this subfragment and 
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was detected by RIA in unfixed monolayers of cells 
infected with vP 60 reacted with antiserum to herpes 
virus and 125I-labelled protein A. 

Rabbits, inoculated both intradermally and intrave 
nously with the vaccinia recombinant vP 60, proved 
that the recombinant was immunogenic. Thus, in a stan 
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the subfragment was introduced into the Bam H.I site in 
the vaccinia portion of pRW 120 to give the new plas 
mid pPL 330A. (A number of restriction sites are shown 

55. 

dard plaque-reduction assay similar to that described in 
Example XVIII, treatment of HSV type 1 with rabbit 
antiserum obtained 3-5 weeks after inoculation consid 
erably decreased HSV infectivity as measured by 
plaque reduction. 

Indeed, rabbits simultaneously inoculated with vp-60 
and vp-59 (the HBs.Ag vaccinia recombinant discussed 
earlier herein) also produced an antiserum reacting with 
both HBs.Ag and HSVgD. 

Certain mouse strains, known in the art, are highly 
susceptible to HSV and develop encephalitis in 5-7 days 
with subsequent high mortality. The inoculation of such 
susceptible mice with vP 60 by interperitoneal injection 
gave protection against subsequent challenge with in 
fectious HSV. More in particular, three sets of suscepti 
ble mice were respectively inoculated with saline solu 
tion, with wildtype vaccinia virus, or with the vaccinia 
virus vR 60 recombinant. After three weeks, the mice 
were challenged with interperitoneal injections of infec 
tious HSV type 1 virus. A 100 percent survival rate of 
the mice inoculated with vP 60 shows the development 
of protective immunity to HSV. 

Protective immunity, further was not only demon 
strated by homologous challenge with HSV type 1, but 
by heterologous challenge with HSV type 2. In a com 
parison with wild type vaccinia (VTK-79) as the im 
munogen, two groups of mice were inoculated inter 
peritoneally with the vP 60 virus or with the wild type 
virus respectively. Challenge followed six weeks later 
with HSV type 2. As compared with mice immunized 
with the non-recombinant virus, the mice immunized 
with vp 60 showed a much higher survival rate. 
FIG. 20 is a plot of the antibody response in rabbits 

inoculated with recombinant vaccinia virus vp 59 ex 
pressing the HBsAg gene. Nys:(FG) rabbits were inoc 
ulated intradermally at two or three sites with 1.8 (107), 
1.8 (108), and 3.6 (108) pfu of the recombinant virus as 
indicated in the Figure. One rabbit was inoculated with 
3.6 (108) pfu intravenously. Further rabbits were in 
jected intravenously or intradermally using 1.8 (108) pfu 
of both recombinants vP 59 and vp 60. The antiserum 
was collected at weekly intervals and screened for anti 
bodies reactive with HBs.Ag using a commercially 
available RIA kit. The antibody levels detected are 
noted in RIA units per ml of serum on the ordinate of 
the graph shown in FIG. 20. (The “AUSAB' radioim 
munoassay kit marketed by Abbott Laboratories was 
used to measure antibody titers to HBs.Ag. The kitcom 
prises polystyrene beads coated with human HBs.Ag. 
The specimen to be tested is combined with the beads 

in pb 330A in both the pBR 325 sequence and the 
vaccinia F-subfragment for orientation. In pBL 310 and 
pBL 330A, the 5'-to-3' direction transcription is from 
right to left relative to the vaccinia genome.) . 
The coding sequences for HSVgld have been local 

ized to a Sac I (=Sst) DNA fragment contained within 
the Eco RI DNA fragment H. cf. Lee et al. (1982) J. 
Virol. 43, 41-49). Sac I and Sst I are isoschizomers 
recognizing the same 6 base pair DNA sequence, but 
are derived from different sources. 
Using the technique described in Example XVII, 

preliminary evidence for the expression of the HSVgD 

and incubated. Antibodies, if present in the sample, are 
fixed to the solid phase antigen. When antigen tagged 
with 125I is added to the beads, it binds to antibody on 
the bead creating a radioactive antigen-antibody-anti 
gen 'sandwich'. Measurement of the amount of radio 
activity is indicative of the amount of antibody present 
in the test sample.) 

65 
A better understanding of the present invention and 

of its many advantages will be had by referring to the 
following specific Examples, given by way of illustra 
tion. The percentages given are percent by weight un 
less otherwise indicated. 
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EXAMPLE I 

Isolation of Vaccinia HindIII Fragments from Agarose 
Gels 

Restriction endonuclease Hind III was purchased 
from Boehringer Mannheim Corp. Preparative diges 
tions of DNA were performed in 0.6 ml of HInd III 
buffer containing 10 millimolar (mM) Tris-HCl (pH 
7.6), 50 mM. NaCl, 10 mM MgCl2, 14 mM dithiothreitol 
(DTT), and 10 micrograms (ug)/ml of bovine serum 
albumin (BSA) in which are present 10-20 ug of vac 
cinia DNA and 20-40 units of Hind III (1 unit is the 
amount of enzyme sufficient to cleave lug of lambda 
DNA completely in 30 minutes.) 
Vaccinia DNA was extracted and purified from viri 

ons as follows. Purified virions were lysed at a concen 
tration having an optical density per ml of 50 measured 
at 260 nanometers (A260) in 10 m Tris-HCl (pH 7.8), 50 
mM beta-mercaptoethanol, 100 mM. NaCl, 10 mM 
Na3EDTA, 1% Sarkosyl NL-97, and 26% sucrose. 
Proteinase K was added to 100 ug/ml and the lysate 
incubated at 37 C. overnight. DNA was extracted by 
the addition of an equal volume of phenol-chloroform 
(1:1). The organic phase was removed and the aqueous 
phase reextracted until the interface was clear. Two 
additional extractions with chloroform were performed 
and the aqueous phase was then dialyzed extensively 
against 10 mM Tris-HCl (pH 7.4) containing 0.1 mM 
Na3 EDTA at 4' C. DNA was concentrated to approxi 
mately 100 g/ml with Ficoll (a synthetic high copoly 
mer of sucrose and epichlorohydrin). 

Digestion of the DNA was for 4 hours at 37 C. The 
reactions were terminated by heating to 65' C. for 10 
minutes followed by addition of an aqueous stop solu 
tion containing 2.5% of agarose, 40% of glycerol, 5% 
of sodium dodecyl sulfate (SDS), and 0.25% of bromo 
phenol blue (BPB). Samples were layered at 65° C. onto 
agarose gel and allowed to harden prior to electropho 
SSS. 

Electrophoresis was carried out in 0.8% agarose gels 
(0.3X 14.5X30cm) in electrophoresis buffer containing 
36 mM Tris-HCl (pH 7.8), 30 mMNaH2PO4, and 1 mM 
EDTA. Electrophoresis was at 4' C. for 42 hours at 50 
volts. The gels were stained with ethidium bromide (1 
ug/ml in electrophoresis buffer). The restriction frag 
ments were visualized with ultraviolet (UV) light and 
individual fragments were cut from the gel. 

Fragments were separated from the agarose gel ac 
cording to the procedure of Vogelstein et al., Proc. 
Natl. Acad. Sci. USA 76, 615-619 (1979) using glass 
powder as follows. The agarose gel containing a DNA 
fragment was dissolved in 2.0 ml of a saturated aqueous 
solution of NaI. 10 mg of glass powder were added per 
ug of DNA calculated to be present. The solution was 
rotated at 25 C. overnight to bind the DNA to the glass 
powder. The DNA-glass powder was collected by cen 
trifugation at 2000 rpm for 5 minutes. The DNA-glass 
was then washed with 5 ml of 70% Na. The DNA 
glass was again collected by centrifugation and washed 
in a mixture of 50% buffer (20 mM Tris-HCl (pH 7.2), 
200 mM NaCl 2 mM EDTA) and 50% ethanol. The 
DNA-glass was collected again by centrifugation and 
was gently suspended in 0.5 ml of 20 mM Tris-HCl (pH 
7.2), 200 mM. NaCl, and 2 mM EDTA. The DNA was 
then eluted from the glass powder at 37' C. by incuba 
tion for 30 minutes. The glass was then removed by 
centrifugation at 10000 rpm for 15 minutes. DNA was 
recovered from the supernatant by ethanol precipitation 
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and dissolved in 10 mM Tris-HCl (pH 7.2) containing 1 
InM EDTA 
The F-fragment isolated in this way was used in the 

following Examples. 
EXAMPLE II 

Insertion of the Vaccinia Hind III-F Fragment Into the 
Hind III Site of pBR 322 (Construction of pDP3 pBR 

322-Vaccinia Hind III 

Vaccinia Hind III-F fragment was isolated from pre 
parative agarose gels as described in Example I. This 
fragment was inserted into the Hind III site of pHR 322 
Bolivar et al., Gene, 2,95-113 (1977) as follows. 
Approximately 200 nanograms (ng) of pBR 322 were 

cleaved with Hind III in 10 mM Tris-HCl (pH 7.6), 50 
mM NaCl, 10 mM MgCl2, and 14 mM DTT (Hind III 
buffer using 1 unit of enzyme for 1 hour at 37 C. The 
reaction was stopped by heating to 65 C. for 10 min 
utes. 500 ng of isolated Hind III vaccinia F-fragment 
were added and the DNAs co-precipitated with 2 vol 
umes of ethanol at -70' C. for 30 minutes. The DNA 
was then washed with 70% aqueous ethanol, dried, and 
resuspended in ligation buffer consisting of 50 mM Tris 
HCl (pH 7.6), 10 mM MgCl2, 10 mM DTT, and 1 mM 
adenosine triphosphate (ATP). Approximately 100 
units of T4 DNA ligase (New England Biolabs) were 
then added and the mixture was incubated at 10 C. 
overnight. The ligase-treated DNA was then used to 
transform E. coli HB101 Boyer et al., J. Mol. Biol. 41, 
459-472 (1969). 

EXAMPLE II 

Transformation of E. coli and Selection for 
Recombinant Plasmids 

Competent cells were prepared and transformed with 
plasmids according to the procedure described by Dag 
ert et al., Gene 6, 23-28 (1979). E. coli HB101 cells were 
made competent by inoculating 50 ml of LB broth (1% 
of bacto-tryptone, 0.5% of bacto-yeast extract, and 
0.5% of NaCl supplemented with 0.2% of glucose) with 
0.3 ml of an overnight culture of the cells and allowing 
them to grow at 37 C. until the culture had an optical 
density (absorbence), at 650 nanometers (A650) of 0.2, as 
measured with a spectrophotometer. The cells were 
then chilled on ice for 10 minutes, pelleted by centrifu 
gation, resuspended in 20 ml of cold 0.1 molar (M) 
CaCl2, and incubated on ice for 20 minutes. The cells 
were then pelleted and resuspended in 0.5 ml of cold 
0.1M CaCl2 and allowed to remain at 4' C. for 24 hours. 
The cells were transformed by adding ligated DNA 
(0.2-0.5 mg in 0.01-0.02 ml of ligation buffer) to compe 
tent cells (0.1 ml). The cells were then incubated on ice 
for 10 minutes and at 37 C. for 5 minutes. 2.0 ml of LB 
broth were then added to the cells and incubated at 37 
C. for 1 hour with shaking. Aliquots of 10 microliters 
(ul) or 100 ul were then spread on LB agar plates con 
taining amplicillin (Amp) at a concentration of 100 
ug/ml. 
The transformed bacteria were then screened for 

recombinant plasmids by transferring ampicillin resis 
tant (Amp) colonies to LB agar containing tetracy 
cline (Tet) at 15 ug/ml. Those colonies which were 
both Amp and tetracycline sensitive (Tets) (approxi 
mately 1%) were screened for intact vaccinia Hind 
III-F fragment inserted into pBR 322 according to the 
procedure of Holmes et al., Anal. Bioch. 114, 193-197 



4,722,848 
31 

(1981). 2.0 ml cultures of transformed E. coli were 
grown overnight at 37 C. The bacteria were pelleted 
by centrifugation and resuspended in 105 ul of a solu 
tion of 8% sucrose, 5% Triton X-100, 50 mM EDTA, 
and 50 mM Tris-HCl (pH 8.0), followed by the addition 
of 7.5 ul of a freshly prepared solution of lysozyme 
(Worthington Biochemicals) (10 mg/ml in 50 mM Tris 
HCl(pH 8.0). The lysates were placed in a boiling 
water bath for 1 minute and then centrifuged at 10000 
rpm for 15 minutes. The supernatant was removed and 
plasmid DNA precipitated with an equal volume of 
isopropanol. The plasmids were then resuspended in 40 
ul of Hind III buffer and digested with 1 unit of Hind 
III for 2 hours. The resulting digests were then analyzed 
on a 1.0% analytical agarose gel for the appropriate 
Hind III-F fragment. One such recombinant plasmid 
containing an intact Hind III-F fragment, denominated 
pDP 3, was used for further modification. (See FIG. 
3B). 

EXAMPLE IV 
Preparative Isolation of pDP 3. 

Large scale isolation and purification of plasmid 
DNA was performed by a modification of the proce 
dure of Clewel et al., Proc. Natl. Acad. Sci. USA 62, 
1159-1166 (1969). 500 ml of LB broth were inoculated 
with 1.0 ml of an overnight culture of E. coli HB 101 
containing pop 3. At an optical density (A600) of ap 
proximately 0.6, chloramphenicol was added (i.00 
ug/ml) to amplify the production of plasmids Clewel, 
J. Bacteriol. 110, 667-676 (1972). The bacteria were 
incubated at 37 C. for an additional 12-16 hours at 
which time they were collected by centrifugation at 
5000 rpm for 5 minutes, washed once in 100 ml of TEN 
buffer (0.1 mM Tris-HCl (pH 8.0), 150 mM. NaCl, 10 
mM EDTA), collected by centrifugation and resus 
pended in 14 ml of a 25% solution of sucrose in 0.05M 
Tris-HCl (pH 8.0). 4.0 ml of lysozyme solution 5 
mg/ml in 0.25M Tris-HCl (pH 8.0) were added and the 
mixture was incubated at room temperature for 30 min 
utes followed by the addition of 4.0 ml of 0.25M EDTA 
(pH 8.0). The mixture was then put on ice for 10 min 
utes. 2.0 ml of pancreatic RNase A (Sigma Chemical 
Co.) (1 mg/ml in 0.25M Tris-HCl (pH 8.0) were added 
to this mixture, which is then incubated at room temper 
ature for 1 minute. The cells were then lysed by adding 
26 ml of a lytic Triton solution (1% Triton X-100, 
0.05M EDTA, 0.05M Tris-HCl (pH 8.0)). The mixture 
was incubated at room temperature for 30-60 minutes. 
The lysate was cleared by centrifugation at 17,000 rpm 
for 30 minutes at 4 C. The supernatant was then re 
moved and plasmid DNA separated from chromosomal 
DNA on dye-bouyant CsCl gradients. 
For this purpose, CsCl-ethidium bromide gradients 

were prepared by dissolving 22 g of CsCl in 23.7 ml of 
cleared lysate. 1.125 ml of aqueous ethidium bronide 
(10 mg/ml) were added to the solution. The mixture 
was then centrifuged in polyallomer tubes in a Beckman 
60 Tirotor at 44,000 rpm for 48-72 hours. The resulting 
bands of DNA in the gradients were visualized with 
ultraviolet light and the lower band (covalently closed 
plasmid DNA) was removed by puncturing the tube 
with an 18 gauge needle attached to a syringe. Ethidium 
bromide was removed from the plasmid by repeated 
extraction with 2 volumes of chloroform-isoamyl alco 
hol (24:1). Plasmids were then dialyzed extensively 
against 10 mM Tris-HCl (pH 7.4) containing 0.1 mM 
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EDTA to remove CsCl. The plasmid DNA was then 
concentrated by ethanol precipitation. 

EXAMPLE V 
Construction of pBR 322/Vaccinia/Herpes Virus TK 

Recombinant Plasmids 

FIGS. 3B and 3C summarize the steps involved in the 
construction of the recombinant plasmids used for in 
serting the Bam HSVTK fragment into S- or L-variant 
vaccinia. Approximately 15 ug of covalently closed 
pDP 3 were cleaved by partial digestion with Bam HI 
(Bethesda Research Laboratories) by incubation in Ban 
HI buffer, consisting of 20 mM Tris-HCl (pH 8.0), 7 
mMMgCl2, 100 mM. NaCl, and 2 mM beta-mercaptoe 
thahol, using 7 units of Bam HI for 10 minutes at 37 C. 
Since pBR 322 and vaccinia Hind III Feach contain a 
Bam H.I site, partial cleavage results in a mixture of 
linear plasmids cut either at the pBR 322 or vaccinia 
Bam H.I site. These mixed linear plasmids were then 
separated from the fragments of pDP 3 cut at both the 
pBR 322 and vaccinia Bam HI sites by electrophoresis 
on agarose gels and the singly cut linear plasmids were 
isolated using glass powder as described in Example I. 
A recombinant pBR 322 containing the 2.3 megadal 

ton (md) HSV Bam HI fragment which codes for HSV 
TK, as described by Colbere-Garapin et al., Proc. Natl. 
Acad. Sci. USA 76, 3755-3759 (1979), was digested to 
completion with Bam HI and the 2.3 md Bam TK frag 
ment was isolated from an agarose gel as described 
above. 
pDP 3 Bam TK recombinant plasmids were con 

structed by ligating approximately 1 ug of Bam HI 
linearized poP3 to approximately 0.2 g of isolated 
Bam TK fragment in 20, pull of ligation buffer containing 
100 units of T4 DNA ligase at 10" C. overnight. This 
ligation mixture was then used to transform competent 
E. coli HB 101 cells as described in Example III. 

EXAMPLE VI 

Screening of Transformed Cells for Identification of 
Those Containing Recombinant Plasmids Having HSV 

TK Inserts 

Transformed cells containing recombinant plasmids 
were screened for HSV TK insertions by colony hy 
bridization essentially as described by Hanahan et al., 
Gene 10, 63-67 (1980). 
A first set of nitrocellulose filters (Schleicher and 

Schull BA85) were placed on Petri dishes filled with 
LB agar containing 100 ug/ml of ampicillin. Trans 
formed cells were spread on the filters and the dishes 
were incubated at 30 C. overnight or until the colonies 
were just visible. A replica nitrocellulose filter of each 
of the first set of filters was made by placing a sterile 
nitrocellulose filter on top of each of the above-men 
tioned original filters and pressing the two filters to 
gether firmly. Each pair of filters was then notched 
(keyed) with a sterile scalpel blade, separated, and each 
filter was transferred to a fresh LB agar plate containing 
ampicillin at 100 g/ml for 4-6 hours. The first set of 
filters (original filters) were then placed on LB agar 
plates containing 200 ug/ml of chloramphenicol to 
amplify plasmid production. The replica filters were 
stored at 4 C. 

After 24 hours on chloramphenicol, the original ni 
trocellulose filters were prepared for hybridization as 
follows. Each nitrocellulose filter was placed on a sheet 
of Whatman filter paper saturated with 0.5N NaOH for 



4,722,848 
33 

5 minutes, blotted on dry filter paper for 3 minutes, and 
placed back on the NaOH saturated filter paper for 5 
minutes to lyse the bacteria thereon and to denature 
their DNA. This sequence was then repeated using 
Whatman filter paper sheets saturated with 1.0M Tris 
HCl (pH 8.0) and repeated a third time with filter paper 
sheets saturated with 1.0M Tris-HCl (pH 8.0) contain 
ing 1.5MNaCl for purposes of neutralization. The nitro 
cellulose filters treated in this manner were then air 
dried and baked in vacuo at 80 C. for 2 hours. 

Prior to hybridization these nitrocellulose filters were 
next treated for 6-18 hours by incubating at 60' C. in a 
prehybridization buffer which is an aqueous mixture of 
6XSSC (XSSC=0.15 MNaCl and 0.015 MNa citrate 
(pH 7.2). 1XDenharts (1XDenharts=a solution con 
taining 0.2% each of Ficoll, BSA, and polyvinylpyrroli 
done, and 100-200 g of denaturated sheared salmon 
sperm DNA (S.S. DNA)/ml, 1 mM EDTA, and 0.1% 
SDS. This treatment will decrease the amount of bind 
ing between the filter and non-hybridized probe DNA 
next to be applied to the filters. 
To screen for recombinant plasmids containing HSV 

TK inserts, the transformed colonies fixed to the origi 
mal, treated, nitrocellulose filters were hybridized with 
32P labelled Bam HSV TK fragment by immersion of 
the filters in hybridization buffer containing 2XSSC 
(pH 7.2), 1XDenhart's solution, 50 ug of S.S. DNA/ml, 
1 mM EDTA, 0.1% of SDS, 10% of dextran sulfate, 
and 32P Bam TK as the hybridization probe. The level 
of radioactivity of the solution was approximately 
100,000 counts per minute (cpm) per milliliter. 
Hybridization was effected at 60' C. over 18-24 

hours Wahl et al. Proc. Natl. Acad. Sci. USA 76, 
3683-3687 (1979). 
To prepare the hybridization probe, the 2.3 md Bam 

TK fragment was labelled by nick translation according 
to the method of Rigby et al., J. Mol. Biol. 113,237-251 
(1977). More specifically, 0.1 ml of a reaction mixture 
was prepared containing 50 mM Tris-HCl (pH 7.6), 5 
mM MgCl2, 20 uM deoxycytidine triphosphate 
(dCTP), 20 M deoxyadenosine triphosphate (dATP), 
20 M deoxyguanosine triphosphate (dGTP), 2 uM 
(alpha-32P)deoxythymidine triphosphate (dTTP) (410 
Curies/m mol) (Amershan Corporation), 1 ng of 
DNase I, 100 units of DNA polymerase I (Boehringer 
Mannheim), and 1 g of Bam TK fragment. The reac 
tion mixture was incubated at 14 C. for 2 hours. The 
reaction was terminated by adding 50 pull of 0.5M 
EDTA and heating to 65 C. for 10 minutes. Unincor 
porated triphosphates were removed by gel filtration of 
the reaction mixture on Sephadex G50.) 

After hybridization, excess probe was removed from 
the nitrocellulose filters by washing 5 times in 2XSSC 
(pH 7.2) containing 0.1% of SDS at room temperature, 
followed by 3 washes in 0.2XSSC (pH 7.2) containing 
0.1% of SDS at 60" C., with each wash lasting 30 min 
utes. The washed filters were then air dried and used to 
expose X-ray film (Kodak X-omat R) at -70 C. for 
6-18 hours using a Cronex Lightening Plus intensifying 
screen (du Pont) for enhancement. 
. The exposed and developed X-ray film was then used 
to determine which colonies contained pBR 322 vac 
cinia Bam HSVTK recombinant plasmids. Those colo 
nies which exposed the X-ray film were located on the 
corresponding replica nitrocellulose filter. Such posi 
tive colonies were then picked from the replica filters 
for further analysis. Of the approximately 1000 colonies 
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screened in this manner, 65 colonies were tentatively 
identified as having a Bam TK insert within pdP3. 

EXAMPLE VII 

Restriction Analysis of Recombinant Plasmids 
Containing Ban HSV TK 

Each of the 65 colonies which were tentatively iden 
tified as containing recombinant plasmids with Bam 
HSVTK inserts were used to inoculate 2.0 ml cultures 
of LB broth containing amplicillin at 100 ug/ml. The 
cultures were then incubated at 37 C. overnight. Plas 
mids were extracted from each culture as described in 
Example III. The plasmids were dissolved in a 50 pull of 
water after isopropanol precipitation. 
To determine if the plasmids contained an intact 2.3 

md Bam HSVTK fragment and at which Bam HI site 
within pDP3 the Bam HSVTK was inserted, 25, ul of 
each plasmid preparation were mixed with 25 ul of 
2xHind III buffer and digested at 37 C. for 2 hours 
with 1 unit of Hind III. The resulting fragments were 
then analyzed by electrophoresis on a 1.0% agarose gel 
as described previously. 
Of the 65 plasmid preparations analyzed, 6 were 

found to contain Bam HSVTK fragments inserted into 
the Bam HI site present in the vaccinia Hind IIIF por 
tion of the plasmid, i.e. they yielded Hind III restriction 
fragments of molecular weights corresponding to linear 
pBR 322 (2.8 md) and fragments of a molecular weight 
greater than that of the vaccinia Hind III F fragment 
(8.6 md). 
These 6 plasmids were further analyzed with Sst I (an 

isoschizomer of Sac 1) to determine the number and 
orientation of the Ban HSV TK fragments inserted 
within vaccinia HindIIIF Fragment, since Sst I (Sac I) 
cleaves both the Bam HSV TK fragment and the vac 
cinia Hind III F fragment asymetrically. The analyses 
were performed by mixing 25ul of the plasmid with 25 
ul of 2XSst buffer (50 mM Tris-HCl (pH 8.0), 10 mM of 
MgCl2, 100 mM of NaCl, and 10 mM of DTT) and 
digesting with 1 unit of Sst I (Bethesda Research Labo 
ratories') at 37 C. for 2 hours. The resulting fragments 
were analyzed by electrophoresis in 1% agarose gels. 
Of the 6 plasmids analyzed, 5 yielded two Sst I frag 
ments with molecular weights of 10.1 nd and 3.5 md, 
indicating a single Bam HSVTK insert. One of these 
plasmids was selected for further study and designated 
pDP 132. The other plasmid yielded three Sst I frag 
ments with molecular weights of 10.8 md, 2.8 md, and 
2.3 md, indicating tandom Bam HSV TK inserts ori 
ented head to tail and in the opposite orientation as 
compared to pDP 132. This plasmid was designated 
pDP 137. The plasmids pDP 132 and pDP 137 are dia 
gramed in FIG. 3C. 

EXAMPLE VIII 
Isolation of a TK S-variant Vaccinia Virus 

To isolate a TK S-variant vaccinia virus mutant, a 
virus population was subjected to strong selective pres 
sure for such a mutant by growing the virus in cells in 
the presence of BUdR, which is lethal to organisms 
carrying the TK gene. More in particular, confluent 
monolayers of TKT human (line 143) cells growing in 
Eagle's Special medium in 150 mm Petri dishes were 
infected with approximately 3X 10 plaque forming 
units (pfu) of S-variant vaccinia virus per dish (20 dishes 
used) in the presence of 20 ug BUdR/ml. (Eagle's Spe 
cial medium is a commercially available nutrient me 
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dium for the growth of most cell lines. Alternative 
media such as Eagle's Minimum Essential Medium, 
Basal Eagle's Medium, Ham's-F10, Medium 199, 
RPMI-1640, etc., could also be used.) Growth is at 37 
C. in an atmosphere enriched in CO2. This is conve 
niently done using a CO2-incubator providing air en 
riched with CO2 to have a CO2 content of about 5 per 
cent. 

Ninety-three of the plaques which developed were 
isolated and replaqued on TKT human (line 143) cells 
under the conditions mentioned previously and again in 
the presence of 20 ug of BUdR/ml. A number (5) of 
large, well isolated plaques were picked for further 
analysis. 
The five plaque isolates were tested for growth on 

cell monolayers under the same conditions used earlier 
and in the presence or absence of 20 ug BUdR/ml. The 
relative growth of each plaque in the presence and 
absence of BUdR was noted and compared with the 
relative growth in similar monolayer cell cultures of the 
parent S-variant virus. The following results were ob 
tained: 

Plaque isolate -BUdR (pfu/ml) --BUdR (pfu/ml) 
#70 5.1 x 10 4.1 x 10 
#73 1.0 x 106 1.0 x 106 
i.76 4.7 x 105 4.7 x 105 
#79 5.4 x 105 4.4 x 10 
#89 5.9 x 105 7.0 x 105 

S-variant 1.7 x 1010 9.7 x 106 

The growth of plaque isolate #79 was further moni 
tored in the presence of 0, 20 and 40 ug BUdR/ml and 
compared with the growth of its parent S-variant virus. 
The following results were obtained: 

Yield (pfu/ml) 
Virus 0 ug/ml 20 pg/ml 40 pg/ml 
#79 2.5 x 105 4.1 x 10 3.2 x 10 

S-Variant 1.2 x 109 1.3 x 106 2.0 x 10 

In addition, the above 5. plaque isolates and the S-vari 
ant parent were monitored for growth on TK human 
(line 143) cells in the presence of MTAGG. MTAGG is 
an Eagle's Special medium modified by the presence of: 

8 x 10-7M methotrexate 
1.6 x 10-5M. thymidine 
5 x 10-5 M adenosine 
5 x 10-5 M guanosine 
X 10-4 M glycine 

(cf. Davis et al., op. cit.) and selects for thymidine ki 
nase and against organisms free of the thymidine kinase 
gene. The results of such an experiment were as follows: 

Plaque Forming Units/inl 
Virus -MTAGG --MTAGG 
#70 4.0 x 10 0. 
#73 5.8 x 105 O 
#76 2.8 x 105 3.3 x 10 
#79 3.6 x 105 O 
#80 4.3 x 105 4.0 x 10 

S-Variant 4.8 x 109 2.6 x 109 
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Of the three plaque isolates showing complete inhibi 
tion of growth in the presence of MTAGG, isolate #79 
was arbitrarily selected and extracts prepared from cells 
infected with #79 virus were compared with extracts 
prepared from uninfected cells and from cells infected 
with the S-variant parent virus with respect to the abil 
ity of the extracts to phosphorylate tritiated (H) thymi 
dine. The results are tabulated below: 

*H Thymidine 
Phosphorylated 

Extract Source 
Uninfected TKhuman 
(line 143) (cpm/15 ug Protein) 
79 infected cells 90 

S-variant infected cells 66,792 

In view of (1) resistance to BUdR, (2) inhibition of 
growth by a medium containing MTAGG, and (3) fail 
ure to detect significant phosphorylation of thymidine 
in infected cell extracts, plaque isolate #79 is considered 
to lack thymidine kinase activity. The isolate is desig 
nated VTK-79. 

EXAMPLE X 

Marker Rescue of L-variant Vaccinia DNA by the 
S-Variant 

Four preparations of L-variant DNA were prepared 
for marker rescue studies. The first consisted of puri 
fied, intact, L-variant vaccinia DNA. The second con 
sisted of L-variant vaccinia DNA digested with Bst E 
II, a restriction endonuclease which generates a donor 
DNA fragment, fragment C, comprising that DNA 
which is absent from the S-variant and uniquely present 
in the L-variant and which also has, at both ends of the 
DNA chain, a region of DNA homologous with corre 
sponding sequences in the S-variant. The third and 
fourth preparations respectively consisted of L-variant 
DNA digested with Ava I and Hind III, restriction 
endonucleases that cleave the vaccinia genome within 
the unique L-variant DNA sequence. The marker res 
cue studies performed with these four preparations 
demonstrate that those L-variant DNA fragments con 
taining the deleted region absent from the S-variant can 
be reintroduced into the S-variant by an in vivo recon 
bination technique providing that the fragment con 
tains, in addition to the deleted region, terminal regions 
which are homologous with corresponding sequences 
in the S-variant. 
A better understanding of the fragments employed in 

these studies will be had by referring to FIGS. 6A-C, 
each of which is a restriction map of a portion of the left 
terminus of the vaccinia genome. More in particular, 
each map refers to the left-terminal region of the ge 
nome comprising approximately 60 kilobasepairs, as 
indicated in the Figure. The portion of the vaccinia 
genome which is deleted from the S-variant is repre 
sented in each map as the region between the dotted 
lines shown in the Figures, a region approximately 10 
kilobasepairs in length. 
Turning now more specifically to FIG. 6A, it is evi 

dent that fragment H obtained by digestion with Ava I 
is completely within the deleted region but will have no 
terminal DNA fragments homologous with the DNA of 
the S-variant because the Ava I cleavage sites fall en 
tirely within the deleted region of the S-variant. 
The restriction map of FIG. 6B pertaining to HindIII 

shows that this restriction enzyme similarly fails to 
produce a L-variant DNA fragment overlapping the 
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deleted region of the S-variant. In this instance, sequen 
ces homologous with the S-variant are found at the left 
terminus of the C-fragment of Hind III. However, the 
restriction site at the right-hand terminus of fragment C 
falls within the deleted region and there is no terminal 
sequence homologous with the DNA sequence of the 
S-variant. 

In contrast, the restriction map shown in FIG. 6C 
pertaining to Bst E II shows that digestion with this 
enzyme produces a fragment, fragment C, which in 
cludes the deleted region absent from the S-variant and 
also has terminal portions at both the left and right ends 
which are homologous with corresponding portions of 
the S-variant. 
The results of the experiments, discussed more in 

detail below, indicate that the DNA which is present in 
the L-variant but is deleted from the S-variant is res 
cued by the S-variant with high efficiency from the 
intact L-variant genome, is rescued with lower effi 
ciency from the C fragment of Bst E II, and cannot be 
rescued from either of the L-variant DNA fragments 
prepared with the Ava I and Hind III restriction en 
donucleases. 
The high efficiency with which the deleted sequence 

is rescued from the intact L-variant is attributable to the 
fact that a single crossover between the intact L-variant 
and the S-variant is sufficient to produce an L-variant 
genome type. On the other hand, to rescue the deleted 
portion from the C fragment of Bst E II, a crossover 
between the fragment and the S-variant is necessary in 
both the left- and right-hand terminal portions of the 
C-fragment in order to incorporate the deleted region 
into the S-variant. Finally, since neither digestion with 
Ava I nor with Hind III produces DNA fragments 
which can be incorporated into the S-variant by any 
crossover, no rescue of the deleted portion is effected. 
The marker rescue was performed on CV-1 monolay 

ers using the calcium phosphate technique of Graham et 
al., Virology, 52, 456-467 (1973), as modified by Stow 
et al. and Wigler et al., both mentioned earlier herein. 
Confluent CV-1 monolayers were infected with S-vari 
ant vaccinia virus to give approximately 50 to 200 
plaques in each of a number (5-20) of Petri-dishes of 6 
cm diameter. To infect the cells, the growth medium 
(e.g. Eagle's Special containing 10% calf serum) is aspi 
rated and a dilution of the virus containing 50-200 
pfu/10.2 ml in a cell-compatible medium such as Eagle's 
Special containing 2% calf serum is applied to the cell 
monolayer. After incubation for a period of one hour at 
37 C. in a CO2-incubator to permit the absorption of 
the virus to the cells, various of the four L-variant DNA 
preparations earlier mentioned were each separately 
added to the monolayers as a calcium phosphate precip 
itate containing one microgram per dish of the L-vari 
ant DNA preparation. After 40 minutes, Eagle's Special 
medium with 10% calf serum was added and, four 
hours after the initial addition of the DNA, the cell 
monolayer was exposed to 1 ml of buffered 25 percent 
dimethyl sulfoxide for four minutes. This buffer con 
tains 8g of NaCl, 0.37 g of KCL, 0.125 g of Na2HPO42 
H2O, 1 g of dextrose, and 5 g of N-(2-hydroxyethyl)- 
piperazine,N'-(2-ethanesulfonic acid) (Hepes) per liter, 
having a final pH of 7.05. The dimethylsulfoxide was 
removed and the monolayers were washed and over 
layed with nutrient agar. After three days, at 37 C. in a 
CO2-incubator, the cells were stained with a nutrient 
agar overlayer containing Neutral red dye, which stains 
the uninfected cells (nutrient agar=Eagle's Special 
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medium containing 10% calf serum and 1% agar). The 
next day, the agar overlay was removed and the mono 
layers were transferred to nitrocellulose filters and pre 
pared for in situ hybridization as described by Villarreal 
et al., loc. cit. Since digestion of the L-variant genone 
with Ava Igenerates a 6.8 kilobasepair fragment, frag 
ment H, that resides entirely with the unique DNA 
sequences deleted in the S-variant genome (cf. FIG. 
6A), 32P-labelled nick-translated Ava I H fragment 
provides a highly specific probe for detecting the rescue 
of the unique L-variant DNA sequence by the S-vari 
ant. 
For hybridization, the nitrocellulose filters were in 

terleaved with Whatman No. 1 filter paper circles in 6 
cm Petri dishes and were prehybridized for 6 hours at 
60" C. in prehybridization buffer (SSC, Denhardt solu 
tion, EDTA, and S.S.DNA) as described earlier herein 
in Example VI. The radioactive probe consisting of 
32P-labelled nick-translated L-variant Ava I, H frag 
ment, having a specific activity of approximately 
1x108 cpm/ug was used for hybridization in 2XSSC, 
1x Denhardt, 1 mM EDTA, 0.1 percent SDS, 10 per 
cent of dextran sulfate, and 50 g/ml of sonicated 
S.S.DNA at approximately 1x10 cpm/ml overnight at 
60 C. The radioactive probe was prepared according 
to the method of Rigby et al., J. Mol. Biol. 113,237-251 
(1977). The filters were washed repeatedly at room 
temperature and at 60' C. using the washing procedure 
of Example VI, were air dried, and radioautographed. 
The results of the experiments are summarized in 

Table I below: 

TABLE I 
Percent of Plaques 

Containing L-variant Donor L-variant 
DNA Preparation Genotype 
Intact L-variant s 
Bst E II total digest 0, 
Ava I total digest O 
Hind III total digest O 

A minimum of 5000 plaques were analyzed for each 
donor DNA preparation. 

EXAMPLE 10 

In vivo Recombination Using pdP 132 and pdP 137 to 
Generate Vaccinia Virus Mutants VP-1 through VP-6 

and Identification Thereof Using Replica Filters 
A first calcium orthophosphate precipitate of donor 

DNA was prepared by combining 5 ug of pDP 132 
Hind III digested DNA in 50 pull of water, 4 ug of S 
variant carrier DNA (prepared as in Example I) in 40 ul 
of water, and 10 ul of 2.5M CaCl2, combining the resul 
tant mixture with an equal volume of 2XHepes phos. 
phate buffer comprising 280 mM. NaCl, 50 mM Hepes, 
and 1.5 mM sodium phosphate (pH=7.1), and permit 
ting the precipitate to form over a period of 30 minutes 
at room temperature. A second precipitate was pre 
pared in the same fashion, in the same amounts, but 
using pdP 137 Hind III digested DNA. 

As described more in detail by Stow et al. loc. cit. 
and Wigler et al., loc. cit., the modifications of the Gra 
ham et al. precipitation technique referred to earlier 
employ carrier DNA as a high molecular weight sub 
stance increasing the efficiency of calcium orthophos 
phate precipitate formation. The carrier DNA em 
ployed is DNA from the virus which is used for infec 
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tion of the monolayered cells in the in vivo recombina 
tion technique.) 
For in vivo recombination, confluent monolayers of 

CV-1 growing in Eagle's Special medium containing 
10% calf serum were infected with S-variant vaccinia 
virus at a multiplicity of infection of lpfu/cell. The 
infection procedure is like that described in Example 
IX. The virus was permitted to absorb for 60 minutes at 
37 C. in a CO2-incubator, after which the innoculum 
was aspirated and the cell monolayer was washed. The 
precipitated DNA preparations were applied to sepa 
rate cell monolayers and, after 40 minutes at 37 C. in a 
CO2-incubator, liquid overlay medium was added (Ea 
gle's Special containing 10% calf serum). In each case, 
the virus was harvested after 24 hours at 37 C. in a 
CO2-incubator by 3 freeze/thaw cycles and titered on 
CV-1 monolayers. Approximately 15000 plaques were 
analyzed on CV-1 monolayers for recombinant virus 
using replica filters prepared as follows. 

Plaques formed on confluent CV-1 monolayers under 
a nutrient agar overlay were transferred to a nitrocellu 
lose filter by removing the agar overlay cleanly with a 
scalpel and placing the nitrocellulose filter onto the 
monolayer. Good contact between the filter and mono 
layer was effected by placing a Whatman No. 3 filter 
paper, wetted in 50 mM Tris buffer (pH=74) and 0.015 
mM NaCl over the nitrocellulose filter and tamping 
with a rubber stopper until the monolayer transferred to 
the nitrocellulose shows a uniform color surrounding 
discrete uncolored plaques. (The monolayer has been 
previously stained with Neutral red which is taken up 
by viable cells, i.e. cells unlysed by virus infection). 
The nitrocellulose filter having the transferred mono 

layer thereon is now removed from the Petri dish and 
placed with the monolayer side up. A second nitrocellu 
lose filter, wetted in the above-mentioned Tris-NaCl 
solution, is now placed directly over the first nitrocellu 
lose filter and the two filters are brought firmly into 
contact by tamping with a rubber stopper after protect 
ing the filters with a dry Whatman No. 3 circle. After 
removing the filter paper, the nitrocellulose filters are 
notched for orientation and separated. The second (rep 
lica) nitrocellulose filter now contains a mirror image of 
the cell monolayer transferred to the first nitrocellulose 
filter. The second filter is conveniently placed in a clean 
Petri dish and frozen. The first nitrocellulose filter is 
subjected to hybridization employing 32P-labelled Bam 
HSV TK fragment as a probe. The preparation of the 
probe and the hybridization technique are described 
earlier herein in Example VI. 
Approximately 0.5 percent of the plaques analyzed 

by hybridization were positive, i.e. were recombinant 
virus containing Bam HSVTK. 

Plaques of recombinant virus corresponding to those 
identified on the first nitrocellulose filter by hybridiza 
tion were then isolated from the nitrocellulose replica 
filter by the following technique for further purifica 
tion. 
Using a sharp cork borer having a diameter slightly 

larger than the plaque to be picked, a desired plaque is 
punched out from the first or original nitrocellulose 
filter which has been used for identification of recombi 
nants by hybridization. The resulting perforated filter is 
next used as stencil to identify and isolate the corre 
sponding plaque on the replica filter. Namely, the rep 
lica filter is placed with the monolayer side up on a 
sterile surface and covered with a sheet of Saran wrap. 
The perforated first or original nitrocellulose filter is 
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then placed monolayer side down over the second filter 
and the orientation notches present in the filters are 
aligned to bring the mirror images of the plaques into 
register. Again, using a cork borer, a plug is removed 
from the replica filter and, after removal of the Saran 
wrap protective layer, is placed in one ml of Eagle's 
Special medium containing 2% calf serum. The nitro 
cellulose plug is sonicated in this medium for 30 seconds 
on ice to release the virus. 0.2 ml of this virus prepara 
tion, and 0.2 ml of a 1:10 dilution of the preparation, are 
plated on CV-1 monolayers present in 6 cm Petri dishes. 
As a plaque purification step, the entire sequence of 

preparing a first nitrocellulose filter, a replica filter, 
hybridization, and plaque isolation from the replica 
filter was repeated. 
One sample of a purified plaque prepared in this man 

ner starting from a calcium orthophosphate precipitate 
of pDP 132 Hind III digested DNA was denominated 
vaccinia virus VP-1. Similarly, a plaque containing a 
recombinant prepared from pdP-137 Hind III digested 
DNA was denominated VP-2. Both samples were 
grown up on suitable cell cultures for further study 
including identification by restriction analysis and other 
techniques. 

In like fashion, two further vaccinia mutants respec 
tively denominated VP-3 and VP-4 were prepared by in 
vivo recombination employing VTK79 (an S-variant 
TK vaccinia virus as described in Example VIII) as 
the rescuing virus and, respectively, pdP 132 and pdP 
137 as the plasmid donor DNA. The precipitates were 
formed as described earlier herein except that 5 ug of 
plasmid donor DNA present in 50 ul of water, 4 ug of 
VTK-79 carrier DNA in 150 of water, and 50 of 
2.5M CaCl2 were combined and added dropwise to an 
equal volume of 250 jul of the Hepes phosphate buffer 
earlier described. 

Further, the cells employed for infection by the 
VTK-79 virus carrier were BHK-21 (Clone 13) cells 
instead of CV-1. 
Two further vaccinia virus mutants denominated 

VP-5 and VP-6 were prepared using calcium ortho 
phosphate precipitates of pDP 132 and pDP 137, re 
spectively, each as prepared for mutants VP-3 and 
VP-4. However, in the case of mutants VP-5 and VP-6, 
the carrier DNA is vaccinia virus VTK 11, rather than 
VTK-79. 

Again, BHK-21 (C-13) cell monolayers were in 
fected, the rescuing virus in this case being VTK 11. 

EXAMPLE XI 

Expression of HSVTK by Vaccinia Mutant VP-2 and 
the Use of IDC" for Identification. Thereof 

The virus product obtained in Example X by the in 
vivo recombination of S-variant vaccinia virus and the 
calcium orthophosphate precipitate of pDP-137 Hind 
III digested DNA was plated out on confluent mono 
layers of CV-1 cells present on approximately twenty 6 
cm Petridishes at a concentration giving approximately 
150 plaques per dish. The plaques were covered with a 
liquid overlay medium, e.g. Eagle's Special medium 
containing 10% calf serum. After 24 to 48 hours of 
incubation at 37 C. in a CO2-incubator, the liquid over 
lay medium was removed from the dishes and replen 
ished in each case with 1.5 ml of the same liquid overlay 
medium containing 1-10 uCi of 125I iododeoxycytidine 
(IDC). The plates were then further incubated over 
night, at 37 C. in an enriched CO2 atmosphere, after 

s 
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which the cell monolayer present thereon was stained 
by the addition of Neutral red to visualize the plaques 
by contrast. 
The medium was then removed by aspiration, the 

monolayers were washed three times with phosphate 
buffered saline solution, and the cell monolayer on each 
of the plates was imprinted onto a corresponding nitro 
cellulose filter. The latter was exposed to X-ray film for 
from 1 to 3 days and then developed. 
Those viral plaques containing and expressing the 

HSV TK gene will phosphorylate IDC and incorpo 
rate it into their DNA, rendering the DNA insoluble. 
Other, unphosphorylated and unincorporated, IDC 
was removed by washing, so that plaques darkening the 
X-ray film are those expressing recombinant HSV TK 
gene. Neither CV-1 cells nor vaccinia, although con 
taining TK, will phosphorylate and incorporate IDC 
in the selective fashion characteristic of the HSVTK. 

After the recombinant organisms has been identified 20 
by radioautography, filter plugs were cut from the ni 
trocellulose filter, placed in 1 ml of overlay medium, 
(Eagle's Special, 10% calf serum), sonicated, and re 
plated on CV-1 monolayers. The IDC assay was then 
repeated further to purify the viral isolates. In this man- 25 
ner, a virus identical to the VP-2 mutant identified by 
hybridization in Example X was isolated by a technique 
dependent on the expression of the HSVTK gene pres 
ent therein. 

Again, the results of this Example demonstrate the 30 
expression of the HSVTK gene, present in the recombi 
nant organisms according to the present invention, by 
certain of those organisms. 
Those vaccinia mutants derived from pdP 137, 

namely VP-2, VP-4, and VP-6, all will express the HSV 
TK gene present therein by phosphorylation and incor 
poration of IDC in the manner described above. How 
ever, the variants VP-1, VP-3, and VP-5, derived from 
pDP 132, will not so express the gene, possibly because 40 
the orientation of the gene within the virus is contrary 
to the direction of gene transcription. 

EXAMPLE XII 

The use of a Selective Medium for the Identification 4s 
and Isolation of Recombinant Virus Containing HSV 

TK Gene 

Viruses prepared according to Example X by the in 
vivo recombination, in BHK-21 (C-13) cells, of 
VTK79 vaccinia virus and a calcium orthophosphate 50 
precipitate of pDP 137 were used to infect human (line 
143) TK-cells. More in particular, cell monolayers, in five Petri dishes 
6 cm in diameter, were each infected with the virus of 
ExampleX at a dilution of the virus from 100 to 10-in 5 
the presence of selective MTAGG medium. The infec 
tion technique was as described earlier. 

Five well-separated plaques were isolated and one 
was replated on CV-1 monolayers for a second cycle of 
plaque purification. One further well-separated plaque, 6 
purified twice by plaque purification, was chosen and 
analyzed. A well-isolated plaque, thus twice plaque 
purified, was selected and analyzed for the presence of 
the HSV TK gene by in situ hybridization employing 
32P-labelled Bam HSV TK. The hybridization tech- 65 
nique was, again, as described earlier. The mutant vac 
cinia virus, positive for the presence of the HSV TK 
gene, was denominated VP-4. 
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EXAMPLE XIII 

Construction of pDP 120 
About 20 micrograms of pDP 3 were digested with 

Pst I and the fragments obtained were separated on an 
agarose gel in a procedure analogous to that discussed 
in detail in Example I. The Pst I fragment having a 
molecular weight of 3.7 md, corresponding to the mid 
dle portion of the vaccinia Hind III F-fragment, was 
isolated. 
Approximately 500 nanograms of this fragment were 

then ligated with 250ng of psR322, previously cleaved 
with Pst I, in 20 microliters of O'Farrell buffer (OFB) 
(cf. O'Farrell et al., Molec. Gen. Genetics 179, 421-435 
(1980). The buffer comprises 35 mM of tris acetate (pH 
7.9), 66 mM of potassium acetate, 10 mM of magnesium 
acetate, 100 ug/ml of bovine serum albumin, and 0.5 
mM of dithiothreitol. For purposes of ligation, 1 mM of 
adenosine triphosphate (ATP) and approximately 20 
units of T4 DNA ligase (New England Biolabs) were 
present. The mixture was maintained at 16 C. for 16 
hours. 
The ligation mixture was then used to transform com 

petent E. coli HB 101. Amps, Tet recombinants were 
selected on appropriate antibiotic plates, analogous to 
the procedure described in Example III. Several recom 
binant plasmids were then analyzed by restriction analy 
sis with Pst I and Bam HI, as in Example VII, to con 
firm their construction. One colony containing a plas 
mid with the correct construction was grown on a large 
scale and recovered as in Example IV and was desig 
nated pdP 120. 

EXAMPLE XIV 

Construction of pDP.301A and 301 B; Construction of 
VP 7 and VP 8 

Approximately 10 micrograms of plasmid pPP 3 
were cleaved with Hind III and the 8.6 mid vaccinia 
F-fragment was isolated in an amount of approximately 
5 micrograms from an agarose gel using a technique 
analogous to that discussed in Example I. The fragment 
was self-ligated by incubating for 16 hours at 16 C. in 
1.0 ml of O'Farrell buffer (OFB) containing 1 mM ATP 
and 80 units of T4 DNA ligase. 

After incubation, the reaction was terminated by 
heating at 65° C. for ten minutes and the DNA was then 
precipitated with ethanol. 
The self-ligated Hind III F-fragment was then resus 

pended in 250 of OFB and digested for four hours 
with 30 units of Bam HI. The reaction was terminated 
by heating at 65' C. for ten minutes and the resultant 
DNA fragments were separated on a one percent aga 
rose gel. The band corresponding to the 8.6 md Hind III 

5 F-fragment, which fragment had been inverted around 
the Bam HI site, was then isolated using technique pre 
viously described. 
This inverted Hind III F-fragment was then inserted 

into the Ban HI site of pBR 322 as follows. 
pBR 322 was cleaved with Bam HI by conventional 

techniques. The linear plasmid was then treated with 
calf intestine alkaline phosphatase (CIAP) to remove 
the 5'-phosphates, thus discouraging re-circularization 
Chaconas et al., Methods in Enzymol. 65, 75 (1980). 
More in particular, 5ug of linear pBR 322 in 400 ul of 
OFB, adjusted to pH 9.0, were combined with 0.75 units 
of CIAP (Boehringer Mannheim) for 30 minutes at 37 
C. A further 0.75 unit of CIAP was added and the mix 
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ture digested for 30 minutes at 60 C. The DNA was 
then deproteinized by phenol extraction a described in 
Example I for the purification of vaccinia DNA. 
About 450 mg of the pBR 322 DNA treated as above 

were then ligated to about 400 ng of inverted Hind III 
F-fragment in 15ul of OFB containing 1 mM ATP and 
20 units of T4 DNA ligase at 16° C. over a period of 16 
hours. The ligation mixture was then used directly to 
transform E. coli HB 101 cells as previously described 
in Example III. The transformed bacteria were then 
screened for Amp, Tets recombinants by plating on 
appropriate antibiotic plates, again as described in Ex 
ample III. 
The recombinant plasmids were screened by Hind III 

restriction analysis of minilysates (again as described in 
Example III) to determine which of the plasmids con 
tained an inverted HindIIIF-fragment in either orienta 
tion. Those two plasmids containing the fragment in 
different orientations were designated respectively as 
pDP 301 A and poP301 B. 
These plasmids were used to construct two new re 

combinant vaccinia viruses each containing p3R 322 
DNA sequences inserted into the Bam H.I site of the 
vaccinia Hind III F-fragment in opposite orientations. 
More in particular, pIDP.301A and pPP301 B were 

inserted into VTK79 by in vivo recombination, as 
described in Example X. However, 10 ug of donor 
DNA (either poP301 A or poP301 B, digested with 
Sst I) and 2 g of VTK-79 carrier DNA were used to 
prepare the calcium ortho-phosphate precipitate which 
was employed for addition to CV-1 cells which were 
infected with VTK79 as the rescuing virus. 
The recombinant viruses were then screened by using 

the replica filter technique also disclosed in Example X 
using nick-translated pBR 322 DNA as the probe. 
The virus in which p3R 322 DNA sequences from 

pDP.301A had been recombined in vivo with VTK-79 
was designated as VP7: the recombinant virus contain 
ing pBR 322 DNA from pI)P301 B was designated as 
VP 8. 

EXAMPLE XV 
Construction of pZ 102 A/F; Construction of VP9. 
A plasmid containing the complete cDNA sequence 

coding for the hemagglutinin (HA) gene of the influ 
enza virus A/PR/8/34, inserted into pbR 322, is one of 
the plasmids made by Bacz et al. in Nucleic Acids Re 
search 8, 5845-5858 (1980). The plasmid contains the 
complete nucleotide coding sequence for the HA gene 
inserted at the Hind III site of pBR 322. 
The hemagglutinin sequence in the plasmid was 

switched in direction by digesting about 500 ng of the 
original plasmid, designated pZ 102 A, with Hind III 
in OFB, then religating using T4DNA ligase and ATP 
as previously described. 
The ligation mixture was then used to transform com 

petent E. coli and the bacteria were screened for Amp, 
Tet colonies. Recombinant plasmids from minilysis 
preparations were then screened for hemagglutinin 
sequences present in opposite orientations by Ava I 
digestion of the plasmids and analysis on agarose gels. 
Those plasmids in which the HA sequence was present 
in a direction opposite to that found in pyZ 102A were 
designated pyZ 102 B (cf. FIG. 9 A). 
Approximately 500 ng of pZ 102. A were linearized 

by digestion with Bam HI in OFB as previously de 
scribed. The linearized pyZ 102. A was ligated with 
approximately 500 ng of inverted Hind III F-fragment, 
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the latter being conveniently obtained by Bam HIdiges 
tion of pDP 301 A (cf. Example XIV). Ligation took 
place in 20 ul of OFB containing 1 mM of ATP and 
approximately 20 units of T4DNA ligase at 16° C. over 
a period of 16 hours. 
The ligation mixture was used directly to transform 

competent E. coli RR 1 cells (Bolivar et al, Gene 2, 
95-113 (1977) a previously described. 
Transformed cells were plated on amplicillin plates 

and screening for recombinants was effected by colony 
hybridization using nick-translated vaccinia Hind III 
F-fragment DNA as the probe, all as previously de 
scribed in Example VI. 
DNA from colonies found by hybridization to be 

positive was then analyzed by Hind III restriction anal 
ysis and agarose gel electrophoresis. 
A plasmid containing p)2. 102 A inserted into the 

Bam HI site of vaccinia Hind III F-fragment was iso 
lated and designated as pZ 102 A/F. 

Using the in vivo recombination technique described 
in detail in Example XV, 10 g of circular donor DNA 
from pyZ 102 A/F were used for recombination, to 
gether with 2 g of VTK-79 carrier DNA, into 
WTK79 vaccinia virus. Recombinant viruses were 
screened by the replica filter technique using a nick 
translated Hind III HA fragment as the probe. The 
recombinant virus thus isolated was designated as VP9. 

EXAMPLE XVI 
Construction of VP 10 

Plasmid p)Z 102 B (cf. FIG. 10 A) was inserted into 
VP7 by in vivo recombination using the standard pro 
tocol employing 10 ug of circular donor plZ 102 B 
DNA, 2 g of VTK-79 carrier DNA, and CV-1 cells. 
Screening for recombinant viruses containing HA se 
quences was by the replica filter technique already 
described herein, using a nick-translated Hind III HA 
fragment as the probe. 
A positive plaque was isolated, plaque purified, and 

designated as VP 10. 
EXAMPLE XVII 

Determination of the Expression of the HA Gene by 
VP9 and VP 10. 

Two 6 cm petri dishes containing BHK-21 cells in a 
nutrient medium were infected with about 200 pfus of 
A/PR/8/34 influenza virus. Another pair of 6 cm petri 
dishes containing a monolayer of CV-1 cells in a nutri 
ent medium were infected with about 200 pfus of VP9 
vaccinia variant, and a third pair of 6 cm petri dishes 
containing a CV-1 monolayer in a nutrient medium 
were infected with, again, about 200 pfus of VP 10. 
The viruses were grown for 48 hours at 37° C. and 

were stained with Neutral red for one hour at 37 C. to 
visualize the plaques. The nutrient medium was then 
aspirated and the cell monolayers were washed three 
times with phosphate buffered saline (PBS) containing 1 
mg/ml of bovine serum albumin (BSA). 

1.5 ml of PBS-BSA containing 5 ul of H1 HArabbit 
antiserum were next added to one of each of the three 
pairs of petri dishes and the dishes were incubated for 
one hour at room temperature. A second set of three 
cell cultures (one BHK and two CV-1 cultures) were 
treated with 1.5 ml of PBS-BSA containing 5 ul of H3 
HA rabbit antiserum and again incubated for one hour 
at room temperature. 

as 
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Next, all of the cell monolayers were washed three 
times with PBS-BSA and then 1.5 ml of PBS-BSA con 
taining approximately 1 uCi of 125I-labelled protein A 
(New England Nuclear) was added to each of the 6 
petridishes. The dishes were then incubated for approx- 5 
imately 30 minutes at room temperature and the radio 
active material was aspirated. The cell monolayers were 
washed five times with PBS-BSA. The cell monolayer 
on each of the six plates was then imprinted onto a 
corresponding nitrocellulose filter and the latter were 
exposed to X-ray film for from one to three days. The 
film was then developed. 
The radioautographs showed complex formation in 

that petri dish in which the BHK cell monolayer had 
been infected with A/PR/8/34 and treated with HHA 
antiserum. Similarly, exposed film was found for the 
CV-1 cell monolayer infected with VP9 and treated 
with Hl HA antiserum, also indicative of antigen-anti 
body complex formation for this sample. All fou other 
samples were negative for complex formation. 

EXAMPLE XVIII 

Determination of HA Expression by VP9 in Rabbits 
Two New Zealand white rabbits were each infected 

with 4 OD (at A260) units of purified VP9 mutant vac 
cinia virus either intravenously (IV) (rabbit No. 1) or 
intramuscularly (IM) (rabbit No. 2). 
Each rabbit was bled and antiserum collected before 

infection (preimmune serum) and at 17 days, 25 days, 
and 41 days after infection. Antiserum from each rabbit 
was tested for its ability to neutralize vaccinia virus 
infection as follows. 

Serial dilutions of the antisera were prepared in stan 
dard virus plaqueing medium (Eagles's special medium 
containing 2% of fetal bovine serum), then mixed with 
an equal volume of infectious vaccinia virus (100-300 
pfus). Each mixture was held at 4' C. overnight, then 
used to infect CV-1 monolayers in 60 mm petridishes as 
previously described. Specific vaccinia neutralizing 
antibodies present in the serum were indicated by a 
reduction in the total number of plaques formed. The 
results of such an assay are shown in following Table II. 
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TABLE II 
Measurement of Vaccinia Neutralizing Antibodies Induced by 

VP9 in Rabbits 
Final Dilution of Antiserum 
Indicated Plaque Reduction 

Rabbit No. 1 Rabbit No. 2 
(IV) (IM) 

17 days 
1:64000 1:6000 
1:0000 1:2000 

25 days 
:128000 :8000 
1:32000 1:2000 

41 days 
:16000 
2000 

45 

Approximate Plaque 
Giving 

Reduction (% of control 50 

50% 
90% 

50% 55 
90% 

:128000 
32000 

50% 
90% 

• 60 
As a control, preimmune antiserum at a 1:20 dilution, or 
no antiserum, gave approximately 180 plaques in the 
above assay for rabbit No. 1 and 240 plaques for rabbit 
No. 2. 
Al25I protein A assay was performed as described in 65 

Example XVII. More in particular, three monolayers of 
BHK-21 cells infected with A/PR/8/34 serum were 
treated with 25 pull each of either anti-A/PR/8/34 

46 
serum, anti-vaccinia serum, or anti-VP9 serum from the 
41-day bleeding of rabbit No. 1. 
Washing and treatment with 125I protein A of each 

monolayer was as described in Example XVII. 
Similarly, three monolayers of cells infected with 

vaccinia virus (S-variant) were treated with the same 
three antiserum preparations and also reacted with 125I 
protein A as previously described. 
The results are presented in the following Table III 

and indicate that VP9 can elicit production, by a rabbit, 
of antibodies to influenza hemagglutinin expressed by 
VP 9. 

TABLE III 
BHK Cells CV-1 Cells Infected 

Infected with with Vaccinia Virus 
Antiserum A/PR/8/34 (S-variant) 

Anti-A/PRA8/34 - 
Anti-vaccinia -- 
Anti-VP 9 -- 

The production of HA antibodies by a VP9-infected 
rabbit was also tested by measurement of the hemagglu 
tinin inhibition (H) titer. 

Namely, HI tests were performed on the preimmune, 
25 day, and 41 day serum from rabbit No. 1 (IV) accord 
ing to standard protocol described in detail in "Ad 
vanced Laboratory Techniques for Influenza Diagno 
sis, Immunology Series No. 6, Procedural Guide 1975'., 
U.S. Dept. HEW, Public Health Service, Center for 
Disease Control, Bureau of Laboratories, Atlanta, Ga. 
Table IV below shows the HI titers determined using 

3-HA units with the various antisera tested Extracts of 
BHK cells infected with A/PR/8/34 influenza virus 
were used as a source of HIhemagglutinin. 

TABLE IV 
Hemagglutinin Inhibition 

Antiserum Titer 

Anti-A/PRA8/34 greater than 1:320 
Preinmune serun less than :10 
25 day antiserum 1:60 
41 day antiserum greater than 1:320 

EXAMPLE XIX 

Construction of pDO 250A and 250B. Construction of 
VP 1 and VP 12 

A plasmid pTHBV 1 can be constructed by the meth 
ods described by Hirschman et al., Proc. Natl. Acad. 
Sci. USA 77, 5507-5511 (1980), Christman et al., Proc. 
Natl. Acad. Sci. USA 79, 1815-1819 (1982). 
About 20 micrograms of the pTHBV 1 plasmid con 

taining two HBV genomes (subtype ayw) in a head-to 
tail arrangement inserted into the EcoR1 site of pBR 
322 were cleaved with Bgl II restriction endonuclease. 
The fragments were separated on a 1.0 percent aga 

rose gel and a 1.5 md fragment of HBV DNA sequences 
coding for the HBV surface antigen and pre-surface 
antigen was isolated (cf. Galibert et al., op. cit.). 
About 500 ng of pDP 120 were partially digested 

with Bam HI under conditions similar to those de 
scribed in Example V earlier herein. 
The resulting digest was then treated with calf intes 

tine alkaline phosphatase (CIAP) in a manner analogous 
to that described earlier herein in Example XIV. Fi 
nally, the aforementioned fragment of Bgl II-cleaved 
pTHBV 1 plasmid was ligated into the Bam HI site of 



4,722,848 
47 

the CIAP-treated pdP 120 Bam HIdigest under condi 
tions similar to those described earlier herein. 
The ligation mixture was used directly to transform 

competent E. coli RR 1 cells, also as previously de 
scribed. 
The resulting Amps, Tet colonies were screened for 

recombinant plasmids by digesting minilysates of possi 
ble recombinants with XhoI and Pst I and analyzing on 
an agarose gel. 
Two recombinant plasmids were isolated corre 

sponding with insertion, into the Bam H.I site present in 
the vaccinia portion of pDP 120, of the HBV Bgi II 
fragment in each of two possible directions. The plas 
mids were designated as pop 250A and pDP 250B (cf. 
FIG. 11). 

Finally, recombinant vaccinia viruses containing the 
HBV surface antigen and presurface antigen sequences 
were constructed by in vivo recombination (see Exam 
ple X) using 20 g each of either circular pdP250 A or 
pDP 250 B and 2 g of VTK-79 carrier DNA, with 
VTK-79 as the infecting virus, all as previously de 
scribed. 
The viruses were screened for recombinants using the 

replica filter technique with nick-translated pTHBV 
DNA as a probe. 
The resulting recombinant vaccinia viruses contain 

ing the Bg II fragments of HBV virus in one of two 
directions were designated as VP 11 and VP 12, as 
shown in FIGS. 11 D and E. (The normal direction of 
HBV transcription is indicated for the plasmids in FIG. 
11 D.) 

EXAMPLE XX 

Construction of pDP 252; Construction of VP 13 
20 pig of plasmid pTHBV 1 (cf. Example XIX) were 

digested with Hha I restriction endonuclease. The larg 
est fragment of the Hha I digest comprises 1084 base 
pairs and contains that entire sequence of the hepatitis B 
virus coding for the surface antigen, without the region 
coding for the pre-surface antigen (cf. Galibert et al., 
op. cit.) 

This fragment was inserted into pbR 322 at the Hind 
III site using Hind III linkers. More in particular, ap 
proximately 400ng of HBV Hha I fragment, isolated 
from a preparative gel as previously described, were 
treated with six units of T4 DNA polymerase (P/L 
Biochemicals) present in 40 u, of OFB also containing 2 
mM each of deoxyadenosine triphosphate (dATP), 
deoxyguanidine triphosphate (dGTP), deoxycytosine 
triphosphate (dCTP), and deoxythymine triphosphate 
(dTTP). The mixture was incubated at 37° C. for 30 
minutes to trim the extending 3'-ends of the fragment, 
generated by Hha I restriction endonuclease (cf. O'Far 
rell et al., op. cit.) 
After the reaction period, approximately 500 ng of 

phosphorylated Hind III linkers (Collaborative Re 
search), 2.5ul of 20 mMadenosine triphosphate, ul of 
100 mM spermidine (Cal Biochem), and lul (approxi 
mately 80 units) of T4 DNA ligase were added and 
incubation was continued at 10 C. for sixteen hours. 
The reaction was stopped by heating at 65° C. for ten 

minutes and 400 ng of pBR 322 were added. 
The Hind III linkers and pbR 322 were then cleaved 

by adding approximately 20 units of Hind III and di 
gesting the mixture at 37 C. for four hours. 
Once more, the reaction was stopped by heating at 

65 C. for ten minutes and the unligated linkers were 
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removed by spermine precipitation according to 
Hoopes et al., Nucleic Acids Research 9, 5493 (1981). 
More specifically, 2.5 ul of 0.2 M spermine in H2O 

were added to the reaction mixture to make it 10 nM in 
spermine. The reaction mixture was incubated on ice 
for 15 minutes and the precipitate which formed was 
collected by centrifugation. Residual spermine was 
removed from the DNA by resuspending the DNA 
pellet in 75 percent ethanol, 0.3 M sodium acetate, and 
10 mM of magnesium acetate. This mixture was incu 
bated on ice for 60 minutes. Residual spermine dissolves 
in the ethanol, leaving a suspension of DNA which was 
again pelleted by centrifugation and redissolved in 20 ul 
of OFB containing 1 mM of ATP and approximately 20 
units of T4 DNA ligase. Ligation of the pBR 322 and 
Hind III-linked fragment was carried out for 16 hours at 
10 C. 
The ligation mixture was then used directly to trans 

form competent E. coli RR1 cells as previously de 
scribed. The transformants were plated onto ampicillin 
plates and screened by colony hybridization as previ 
ously described herein. A nick-translated HBV Hha I 
fragment was used as the probe. 

Colonies proved positive by hybridization were ana 
lyzed by restriction digestion of minilysates. A plasmid 
containing the Hha I fragment, inserted at the Hind III 
site, was characterized and designated as pDP 252. 
A recombinant vaccinia virus containing the Hha I 

HBV fragment coding for the HBV surface antigen wa 
constructed using the standard in vivo recombination 
protocol as set forth in Example XV using 10 ug of 
circular poP 252 as the donor DNA with 2 g of VP 8 
DNA as the carrier DNA and VP 8 as the infecting 
virus for CV-1 cells. 
The viruses were screened for recombinants using the 

replica filter technique with a nick-translated Hha I 
HBV fragment as the probe. 
The resulting recombinant virus was designated as 

VP 13. 

EXAMPLE XXI 

Construction of pBL 520 A and 520 B; Construction of 
VP 14 and VP 16 

Approximately 20 ug of herpes virus type I, strain 
KOS, DNA, extracted as described by Pignatti et al., 
Virology 93,260-264 (1979) were digested with EcoRI 
and the resulting fragments were separated on an aga 
rose gel. Eco RI fragment F was isolated from the gel 
by conventional techniques. 
About 200 ng of the EcoRI fragment F were ligated 

with 60 ng of pBR322, digested with EcoRI and subse 
quently treated with calf intestine alkaline phosphatase 
in a manner described earlier herein in Example XIV. 
The CIAP treated p3R 322 and the EcoRI F-fragment 
were ligated in 20 ul of OFB containing 1 mM of ATP 
and approximately 80 units of T4 DNA ligase at 16 C. 
over a period of 16 hours. 
The entire ligation mixture was used to transform 

competent E. coli RR I cells as described in earlier 
Examples. 
The transformed E. coli were grown on ampicillin 

plates and the Amp, TetR transformed E. coli were 
Screened for recombinant plasmids by restriction analy 
sis of minilysates as previously described. Restriction 
analysis was done with HpaI and EcoRI to determine 
the orientation of the insertion of the Eco RI F-frag 
ment in the plasmid. 

S 
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The two plasmids thus obtained having the HSV Eco 
RI F-fragment inserted into pBR 322 in each of two 
opposite orientations were designated pBL 520 A and 
pBL 520 B, as shown in FIG. 13 B. 
Two new vaccinia recombinants, VP 14 and VP 16, 

were constructed by in vivo recombination techniques 
described in Example X and XV using these plasmids 
and VP7. More specifically, 20 g each of pBL 250 A 
or p3L 250 B, 2 g of VP 7 carrier DNA, and VP7 
virus were used to treat CV-1 cells to effect the in vivo 
recombination. Recombinant viruses were screened by 
the replica filter technique using nick-translated HSV 
Eco RI F-fragment as the probe. 

EXAMPLE XXII 
1. 

Construction of pBL 522A and 522 B; Construction of 
VP 17 and VP 18 

Approximately 20 ug of pBL 520 A (cf. Example 
XXI) were digested with Bam HI and the resulting 
fragments separated on an agarose gel. A 5.1 md frag 
ment corresponding with the Bam HI G-fragment of 
HSV DNA (strain KOS) was isolated from the gel 
using techniques such as those described in Example I. 

Plasmid pdP 120 was partially digested with Bam HI 
to linearize the plasmid using techniques analogous to 
those described previously in Example V. The digested 
plasmid was further treated with calf intestine alkaline 
phosphatase as in Example XIV to prevent recircula 
tion. 
Approximately 100 ng of the pDP 120 DNA so 

treated were ligated with 120 ng of the previously de 
scribed Bam HIG-fragment in 20 pil of OFB containing 
1 mM ATP and approximately 80 units of T4 DNA 
ligase at 16 C. over a period of 16 hours. 

Thereafter, the ligation mixture was used directly to 
transform competent E. coli RR Icells as described in 
previous Examples. 
The transformed E. coli were then screened for 

Amps, Tet recombinants by colony hybridization as 
previously described using HSV Eco RI fragment as 
the probe. Colonies positive by hybridization were 
screened by restriction analysis of minilysates with Ban 
HI and Sst I to determine if the complete HSV Bam HI 
G-fragment had been inserted and to determine its ori 
entation within the resulting plasmid. 
Two recombinant plasmids were found in this way, 

each containing the HSV Bam HIG-fragment in oppo 
site orientations in the parent plasmid pDP 120. The 
new plasmids were designated pbL 522A and pBL 522 
B. - 

Again using the in vivo recombination technique 
described in detail in Examples X and XV herein, 20 pig 
of donor pHL 522 A or B were respectively combined 
with 2 ug of carrier VTK79 DNA to form a calcium 
orthophosphate precipitate. This and the vaccinia virus 
VTK79 were used to treat CV-1 cells, with the pro 
duction of two virus mutants designated as VP 17 and 
VP 18, respectively. 
The vaccinia mutants were identified using the relica 

filter technique with HSV EcoRIF-fragment as probe. 
EXAMPLE XXIII 

Construction of an L-variant TK Vaccinia Virus from 
the TK S-variant. 

In wild-type vaccinia virus, the vaccinia TK gene is 
known to be present in the Hind III J-fragment Hruby 
et al., J. Virol. 43, 403-409 (1982). Hence, the Hind III 
J-fragment of the TK79 S-variant vaccinia virus of 
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Example VIII must have a mutation in the TK gene 
which inactivates the gene. 
A TK L-variant vaccinia virus was derived in the 

following manner using the Hind III J-fragment of the 
TK-79 S-variant. 
The Hind IIIJ-fragment of TK79 was inserted into 

pBR 322 in a manner like that for the Hind III F-frag 
ment in Example II. The resulting plasmid was used in 
the standard in vivo recombination protocol, specifi 
cally using 10 ug of the plasmid donor DNA, 2 ug of 
L-variant vaccinia DNA as carrier, and L-variant vac 
cinia virus-infected CV-1 cells. 
Progeny virus was used to infect human TK cells 

(line 143) (earlier described) in the presence of 40 ug of 
BUdR. Virus which grew was plaque purified in the 
presence of BUdR and virus from a single plaque was 
chosen and designated VTK-79 L (ATCC No. 
VR2056). It cannot be determined whether the new 
virus is a spontaneous mutation or is a recombinant 
containing the J-fragment of the TK79 S-variant: the 
latter is more likely. 

EXAMPLE XXIV 

Construction of pDP 202 
About 34 ug of L-variant vaccinia virus DNA was 

digested to completion in Ava I buffer 20 mM tris 
HCL (pH 7.4), 30 mM. Nacil, 10 mM MgCl2) with Ava 
I restriction endonuclease and the resulting fragments 
were separated on an agarose gel as previously de 
scribed. The Ava I H-fragment was then isolated from 
the agarose gel. 
Approximately 400ng of pBR322 in 50 ul of HindIII 

buffer were digested to completion with Hind III. Re 
action was terminated by heating at 65 C. for 10 min 
utes, at which time 45ul (approximately 600 ng) of the 
isolated vaccinia Ava I H-fragment were added. Then, 
the total mixture was precipitated with ethanol. The 
resulting DNA pellet was redissolved in 9.5 pull of T4 
DNA polymerase buffer (20 mM tris-HCl (pH 7.6), 10 
mM MgCl2, 1 mM dithiothreitol, 33 MdTTP, 33 M 
dGTP, 33 u.M. dCTP, and 33 uM dATP. The protrud 
ing 5'-ends of the DNA fragments were filled in by 
adding 1.5 units of T4 DNA polymerase and incubating 
at 37 C. After 30 minutes, 0.5ul of a 0.02M solution of 
ATP was added to make the reaction mixture 1 mM 
with respect to ATP, together with 1 ul (approximately 
80 units) of T4 DNA ligase. Ligation was then carried 
out at 10 C. for 20 hours. 
The entire ligation mixture was used directly to trans 

form competent E. coli HB 101. 
Transformed bacteria were plated on nitrocellulose 

filters placed on amplicillin plates. Recombinant colo 
nies were screened by colony hybridization using nick 
translated vaccinia Ava I H-fragment as a probe. 

Plasmids isolated from colonies which were positive 
by colony hybridization were digested with Hind III 
and analyzed on an agarose gel as previously described. 
One such plasmid which contained an Ava I H-frag 
ment inserted at the Hind III site of pBR 322 was puri 
fied and designated pPP 202. Further characterization 
of this plasmid by restriction analysis with Sst I and 
Bam HI determined the orientation of the fragment 
within the plasmid (cf. FIG. 15A). 
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EXAMPLE XXV 

Construction of Plasmids pdP 202 TK/A-F; 
Construction of VP 22 

Plasmids pidP 202 TK/A-F were constructed by 
inserting the Bgl II/Bam HITK fragment of HSV into 
each of the three Bam HI sites in the vaccinia Ava I 
H-fragment portion of pDP 202. The Bgl II/Bam HI 
fragment contains the coding region for the HSV TK 
gene, but not the associated HSV promoter sequence 
McNight et al., Cell 25, 385-398 (1981). 
This was accomplished first by isolating a linear poP 

202 plasmid (7.3 md) which had been linearized at a 
Ban HI site by partial digestion of the plasmid with 
Bam HI. The Bgl II/Bam HITK fragment was pre 
pared by digesting the HSV Bam TK plasmid (cf. Ex 
ample V) with Bgl II and Bam HI. Bgl II digestion 
cleaves the Bam HITK fragment at one site, resulting 
in a 1.8 md fragment containing the coding region of the 
TK gene and a 0.5 md fragment corresponding to the 5'- 
end of the Bam HITK fragment containing the HSV 
promoter. The 1.8 md Bgl II/Bam HI fragment was 
isolated from an agarose gel. 
To construct the plasmidspidP202 TK/A-F, approx 

imately 500 ng of Bam HI linear pdP 202 which had 
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been treated with CIAP as previously described was . 
ligated with 250 ng of the aforementioned Bgi II/Bam 
HITK fragment in 20 pil of OFB containing 1 mM ATP 
and approximately 100 units of T4DNA ligase at 16' C. 
for 16 hours. The entire ligation mixture was then used 
to transform competent E. coli RRI cells as previously 
described. Transformed cells were plated on amplicillin 
plates and the colonies were screened for recombinant 
plasmids by restriction analysis of minilysates with Bam 
HI to determine at which Bam H.I site the Bgi II/Bam 
HITK fragment was inserted, and in which orientation. 
The site and direction of orientation were confirmed by 
restriction analysis with Sst I. By this procedure, the 
Bgl II/Bam HITK fragment was found to be inserted 
into each of the three Bam H.I sites in the vaccinia Ava 
I H-fragment in both orientations. Each plasmid pLoP 
202 TK was given a letter designation from A to F (cf. 
FIG. 15 C). 

Preparative amounts of plasmids were then grown 
and purified and used to construct recombinant viruses 
using the standard in vivo recombination protocol of 
Example X and XV. That is, approximately 20 ug of 
donor DNA from each recombinant plasmid were 
mixed with 2 g of VTK-79 DNA as a carrier and 
were added, in the form of a calcium phosphate precipi 
tate, to a monolayer of CV-1 cells infected with 
VTK79 L virus. Recombinant viruses were screened 
by using the replica filter technique earlier described 
using nick-translated HSV Bam TK DNA as a probe. 
One recombinant virus which was isolated from in 

vivo recombination of VTK-79 Land poP 202 TK/E 
was isolated and designated as VP22. This mutant virus 
was of particular interest because it induced a higher 
level of HSVTK activity in infected cells than does VP 
2, VP4, or VP 6 (earlier described herein) as measured 
by a 21-iododeoxycytidine assay (IDC). 
More in particular, either L-variant vaccinia, VP 4, 

or VP 22 were used to infect monolayers of CV-1 cells 
at the appropriate dilutions to yeild 200 plaques per 60 
mm Petri dish. Each dish was then treated with 125I 
IDC and washed as previously described in Example XI 
to compare the levels of HSVTK activity. 
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Infected cell monolayers were then lifted onto nitro 

cellulose filters which were placed on a single sheet of 
X-ray film to compare the levels of TK activity by 
comparing the relative exposure (darkening) of the film 
by each filter. 
The results of the IDC assay indicated that L-variant 

vaccinia contained no HSV TK activity and therefore 
did not expose the film. VP4, shown earlier in Example 
XI to contain HSVTK activity, caused a faint darken 
ing of the film, VP 22 caused 15-20 times the exposure 
of VP 4, indicating a significantly higher level of HSV 
TK activity. 

EXAMPLE XXVI 

Construction of pRW 120 
To delete the Bam H.I site in pBR 325 (commercially 

available from Bethesda Research Laboratories), 500 ng 
of pBR 325 were digested with 8 units of Bam HI in 50 
ul 1XOFB for 2 hours at 37° C. The reaction was 
stopped by heating at 65° C. for 10 min. and the DNA 
was ethanol precipitated. The DNA was resuspended in 
20 pil 1XOFB containing 100 LM each of dATP, 
dGTP, dCTP, and dTTP and 6 units of T4 DNA poly 
merase and incubated for 30 minutes at 37 C. to fill in 
the Bam HIsticky ends. The reaction was then stopped 
by heating at 65° C. for 10 minutes. 1 pil of 0.02M ATP 
and 0.5ul (200) units of T4DNA ligase were added and 
the DNA wa ligated overnight at 16 C. The entire 
ligation reaction mixture was used to transform compe 
tent E. coli RR 1 cells. 
Transformed cells were plated on LB agar plates 

containing chloramphenicol at 30 g/ml. Several colo 
nies were then picked and their plasmid DNA isolated 
from minilysates. The plasmids were screened for dele 
tion of the Bam H.I site by digestion with Bam HI and 
analysis on agarose gels. One plasmid resistant to cleav 
age with Bam HI was designated pBR 325(Bam X). 
Preparative amounts of plasmid were then prepared and 
purified. 

Plasmid pRW 120 was then constructed by inserting 
the 3.7 md Pst I subfragment of the Hind III vaccinia F 
fragment into the Pst Isite of pBR325(BamX). This Pst 
subfragment was isolated from pdP 120 using the glass 
powder technique previously described. 
Approximately 800 ng of the 3.7 md Pst I subfrag 

ment were ligated to 400 ng of pBR 325(Bam X), di 
gested with Pst I, and treated with calf intestine alkaline 
phosphatase in 20 Jul 1XOFB containing 1 mM ATP 
and 0.2 ul (80 units) of T4 DNA ligase for 16 hours at 
16 C. The entire ligation mixture was then used to 
transform competent E. coli RR1 cells. Aliquots of 10 
and 100 ul were then plated on LB agar plates contain 
ing 30 g/ml of chloramphenicol. 

Plasmids were isolated from CamR colonies by minil 
ysis and analyzed by digestion with Pst I and Bam HI. 
One such plasmid containing the Pst I fragment inserted 
into pBR 325(Bam X) was designated pRW 120. 

EXAMPLE XXVII 

Construction of pDP 122 
To clone the A/PR/8-34 HA gene into the Bam HI 

site of the Hind III vaccinia Ffragment, it is necessary 
to change the Hind III ends of the HA sequence found 
in pyZ 102 to Bam HI sticky ends. 
20 ug of pjZ 102 were digested with 20 units of Hind 

III. (This and all subsequent restriction endonuclease 
digestions unless otherwise noted were in O'Farrell 
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Buffer (OFB). Digestion was for 16 hours at 37°C. The 
reaction was stopped by heating to 65 C. for 10 min 
utes. The resulting fragments were separated by elec 
trophoresis through a 1% agarose gel containing 0.04M 
tris-acetate (pH 8.0, 0.002M EDTA) at 40 volts for 16 5 
hours. The 1778 bp (1.2 md) Hind III fragment coding 
for the influenza HA sequence was isolated from the gel 
by electroelution onto Whatman filter paper as de 
scribed by Girovitz et al., Anal. Biochem. 106, 492-496 
(1980). O 
The Hind III sticky ends of the HA fragment were 

filed in and Bam HI linkers added as follows: 500 ng of 
the HindIIIHA fragment in 20 ul 1XOFB containing 
100 LM of dATP, dGTP, dCTP, dTTP and 6 units of 
T4 DNA polymerase were incubated at 37 C. for 30 15 
min. The reaction was then stopped by heating at 65' C. 
for 10 min. The mixture was then put on ice and 1 ul of 
20 mM ATP, 1 ul (1 g) of Bam HI linkers 
(pCGGATCCG) (Collaborative Research), 2.5 pil of 
2xOFB and 0.5 pil (200 units) of T4DNA ligase were 20 
added. Ligation of linkers was for approximately 16 
hours at 10' C. The ligation reaction was then stopped 
by heating to 65' C. for 10 minutes and cooled to 37 C. 
Then, 2 ul (20 units) of Bam HI were added and the 
mixture digested for 4 hours at 37 C. 25 

Unligated Bam HI linkers were then removed by 
spermine precipitation as described in Example XX. 
Approximately 250 ng of the Bam HI-linked HA frag 
ment were ligated to approximately 180ng of pRW 120, 
which had been cleaved with Ban HI and treated with 
calf intestine alkaline phosphatase to prevent self-liga 
tion, in 10 pil of 1 xOFB containing 1 mM ATP and 80 
units of T4DNA ligase for 16 hours at 16" C. The entire 
mixture was then used to transform competent E. coli 
RR cells. 

10 pull and 100 pull aliquots of the transformed cells 
were then plated onto LB agar plates containing chlo 
ramphenicol at 30 g/ml. Can colonies were picked 
and screened for recombinant plasmids by Bam HI 
restriction digestion of plasmids isolated from minily 
sates of the transformants. The digests were analysed on 
1% agarose gels. Recombinants which contained the 
HA fragment were then screened for orientation of the 
HA fragment by restriction with Ava I and analysis on 
1% agarose gels. 45 
Recombinant plasmids having the HA gene inserted 

in the Bam HI site of the Hind III vaccinia F fragment 
in opposite orientations were designated pdP 122A and 
pDP 122B. 
pDP 122B was used as the donor plasmid for in vivo 

recombination with vTK-79 rescuing virus in TK-TS 
13 cells to give the new vaccinia recombinant vP 53 
(ATCC VR 2060). 

EXAMPLE XXVIII 
Construction of pDP 232B 

A DNA fragment containing the coding region for 
the hepatitis sAg was isolated from poP 252 by digest 
ing approximately 15ug of pDP 252 with excess Hind 
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III in 1XOFB. The resulting Hind III fragments were 60 
then separated on an agarose (1%) gel prepared in tris 
acetate buffer. The 1084 bp (0.73 md) HindIII fragment 
containing the SAg gene was isolated by electroelution 
into Whatman 3MM Filter Paper. 
Approximately lug of this fragment was bluntended 65 

by treating with 4.5 units of T4DNA polymerase for 30 
minutes at 37 C. in 10 ul 1XOFB containing 2 mM of 
spermidine, and 100 LM each of dATP, dCTP, dGTP, 

30 

35 

40 

50 

54 
and dTTP. The reaction was stopped by heating to 65 
C. for 10 min. 10 ul of 1XOFB containing 2 mM ATP, 
2 mM spermidine, 1 ug of Bgl II/PST I linkers 
(TCTGCAGA, Worthington Biochemicals), and 200 
units of T4 DNA ligase were added to the reaction 
mixture. Ligation was at 16' C. 
After 18 hours, 20 units of Bgi II were added and the 

reaction was incubated at 37 C. for 5 hours. The reac 
tion was stopped by heating at 65 C. for 10 min. Excess 
linkers were removed by spermine precipitation of the 
DNA as previously described (Example XX). The re 
sulting fragment, containing the SAg gene and now 
having Bgl II sticky ends, was then inserted into the 
Bam HI site of pRW 120. 
Namely, the Bgl II terminated fragment was resus 

pended in 10 ul of 2X ligation buffer. Approximately 
200 ng of pRW 120, digested with Bam HI and treated 
with calf intestine alkaline phosphatase, was added in 10 
ul of H2O. The fragments were then ligated with ap 
proximately 80 units of T4 DNA ligase at 16 C. for 18 
hours. 
This mixture was then used to transform 24 hour old 

competent E. coli RR1 cells as previously described. 10 
ul and 100 pull aliquots of the resulting transformed cells 
were plated out on LB agar plates containing chloram 
phenicol at 30 g/ml. 

Several colonies were picked and plasmid DNA from 
each was isolated by minilysis and analyzed by restric 
tion analysis with Bam HI and Sst I. One such plasmid 
containing the HBs.Ag DNA in the correctorientation 
for expression from the vaccinia promotor was desig 
nated pDP 232B. 
pDP 232B was used as the donor plasmid for in vivo 

recombination with vTK79 rescuing virus in TKTS 
13 cells to give the new vaccinia recombinant, vP 59 
(ATCC VR 2061). 

EXAMPLE XXIX 
Construction of pBL 540 
Construction of p3L 310 

Construction of p3L 330 A 
CV-1 cells were infected with herpes virus type 1, 

strain KOS. After 24-48 hours, the DNA was extracted 
from the cells by the technique described by Pignattiet 
al., Virology 93, 260-264 (1979). Approximately 20 ug 
of the DNA were digested with EcoRI and the result 
ing fragments were separated on a 1 percent agarose gel 
run at 35 volts for 65 hours. The Eco RI H-fragment 
was isolated from the gel by the glass powder technique 
earlier described herein (cf. Example I). 
60 ng of pBR 322 were digested with Eco RI and 

subsequently treated with CIAP in a manner earlier 
described herein in Example XIV. The CIAP-treated 
pBR 322 and about 78 ng of the Eco RI H-fragment 
were then ligated in 20 pull of 1XOFB containing 1 mM 
ATP and 40 units of T4 DNA ligase at 10" C. for 16 
hours. 
The entire ligation reaction mixture was used to 

transform competent E. coli (RR 1 strain) as described 
earlier herein. 
The resulting transformants were grown on amplicil 

lin plates. The colonies were then screened for recombi 
nant plasmids by a restriction analysis of minilysates as 
previously described. Restriction analysis was done 
with EcoRI to confirm insertion of the EcoRIH-frag 
ment into the plasmid and with Hind III to determine 
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orientation of the Eco RI H-fragment within the plas 
mid. The plasmid containing the HSV-1 (KOS strain) 
Eco RI H-fragment inserted into pBR 322 were collec 
tively designated pBL 540 (cf. FIG. 19). 
One of the plasmids, designated p3L 540A was 5 

chosen for amplification in E. coli. After amplification, 
isolated pBL 540A was next digested with Sst I and a 
2,900 base pair Sst I fragment known to contain the 
entire HSV-1 gld coding region wa isolated using the 
glass powder method earlier described herein. Approxi- 10 
mately 300 ng of this fragment were blunt ended with 
T4DNA polymerase using the procedures described in previous Examples. 

Finally, 2 g of Bam HI linkers were ligated to the 
bluntended fragment in 20 pil of 1XOFB containing 1 15 
mM ATP, 2 mM of spermidine, and 40 units of T4DNA 
ligase at 10' C. for 18 hours. The reaction was stopped 
by heating at 65" C. for 10 minutes. 

15 units of Bam H were next added and the reaction 
mixture was incubated at 37 C. for 18 hours. Residual 20 
linker material was removed by precipitation with sper 
mine as described by Hoopes et al. (op. cit.). 

All of the Ban HI-linked fragments so obtained were 
next ligated with 300 ng of CIAP-treated pRW 120 
(linearized with Bam HI) in 20 pull of 1XOFB containing 25 
1 mM ATP and 40 units of T4DNA ligase at 10' C. for 
18 hours. 
The entire ligation mixture was used to transform 100 

1 of competent E. coli (RR 1) and the transformed bac 
teria were grown on agar plates containing 30 g/ml of 30 chloramphenicol. 
Those transformed E. coli which were chlorampheni 

col resistant were screened for recombinant plasmids by 
restriction analysis of minilysates as previously de 
scribed. Restriction analysis was done with Bam H. to 35 
confirm insertion of the Bam Hi-linked 2900 base pair 
fragment containing the HSV-1 gld gene into pRW 120 
at the Bam H.I site and with Pvu II to identify both 
possible orientations of the fragment within the plasmid. 
The two new plasmids thus obtained were collectively 40 
designated as ps. 310. 
After amplification in E. coli, a Hind III-Bam, HI 

double digest of p3L 310 was prepared and a Hind 
III-Bam HI DNA fragment, approximately 2,500 base 
pairs long and containing the entire HSV-1 gld coding 45 
region, was isolated using the method of Girvitz et al. 
previously described (op. cit.). Approximately 400ng of 
this fragment were bluntended with T4DNA polymer 
ase as earlier described. Finally, 2 ug of Bam HIlinkers 
were ligated to this modified fragment in 20 pull of 50 
1XOFB containing 1 mM ATP, 2 mM of spermidine, 
and 40 units of T4DNA ligase at 10' C. for 18 hours. 
The reaction mixture was precipitated with ethanol at 

-70' C. for 1 hour, re-suspended in 100 l Bam HI 
reaction buffer, and digested with 15 units of Bam HI at 55 
37 C. for 18 hours. The Bam HI linked fragment was 
isolated from the residual linker material on a 0.6% 
agarose gel using the Girvitz et al. Whatman filter paper 
method. 
Approximately 100 mg of this linked fragment were 60 

ligated with 400ng of pRW 120, previously linearized 
with Bam HI, in 20 pil of 1XOFB containing 1 mM of 
ATP and 32 units of T4 DNA ligase at 13 C. for 18 
hours. 

The entire ligation reaction mixture was used to 65 
transform competent E. coli (RRI). The transformants 
were plated on agar containing 30 g/ml of chloram 
phenicol and the chloramphenicol resistant colonies 
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were screened for recombinant plasmids by colony 
hybridization as previously described in Example VI. 

Colonies identified as positive by hybridization to a 
32P-radiolabelled HSV-1 gld probe were further 
screened by restriction analysis of minilysates with Barn 
HI to identify insertion of the 2500 base pair Bam HI 
linked fragment into the Bam HI site of pRW 120 and 
with Pvu II to identify both possible orientations of the 
fragment within the plasmid. The two plasmids thus 
obtained were collectively designated as pBL 330. That 
plasmid wherein the HSV-1 (KOS) gld insert is oriented 
with flanking vaccinia virus DNA in the plasmid such 
as that the direction of transcription is the same is desig 
nated p3L 330 A. 
pBL 330 A was used as the donor plasmid for in vivo 

recombination with vTK79 rescuing virus in TKTS 
13 cells to give the new vaccinia recombinant, vp 60 
(ATCC VR 2062). 

EXAMPLE XXX 
In vivo Recombination using pdP122B, pdP232B, and 
pBL330A to Generate Vaccinia Virus Mutants VP-53, 

VP-59, and VP-601 
50 g of donor plasmid in 100 ul of H2O were mixed 

in each case with 350 ul of 2XHepes phosphate buffer. 
Each mixture in turn was mixed with 300 ul of vTK79 
at a concentration of 1.3(106) pfu/ml to which had been 
added 50 pull of 2.5M CaCl2. 
Each mixture was then added to a monolayer of 

TK-TS 13 cells (cf. Shen et al., Molecular and Cellular 
Biology 2(9), 1145-1154 (1982) in a 60 mm Petridish to 
which 700 pil of Eagle's Special medium was then 
added. At 2 hours after infection, 3 ml of fresh medium 
were added. 
24 hours after infection, the samples were harvested 

and frozen and thawed three times to rupture the cells. 
As described above in ExampleX, plaques formed on 

confluent CV-1 monolayers under a nutrient agar over 
lay were then transferred to a nitrocellulose filter, a 
replica filter was prepared, and the original filter was 
subjected to hybridization employing 32P-labelled frag 
ments in each case containing the gene of interest, i.e. 
HA, HBs.Ag, or HSVgD. 

Positive plaques containing recombinant virus were 
in each case isolated for further purification using the 
techniques earlier described in Example X. 

EXAMPLE XXXI 
Expression of HBs.Ag by vP-59 in infected cells 

Monolayers of 106 CV-1 cells were infected at 2 pfu 
per cell with vp59. After 24 hours, the nutrient medium 
was collected, the cells were washed with saline solu 
tion, and the wash combined with the supernatant liq 
uid. The washed monolayer of cells was also collected 
in saline solution. 
These fractions were assayed for HBs.Ag using the 

"AUSRIA II-125” RIA diagnostic kit sold by Abbott 
Laboratories for the detection of hepatitis B surface 
antigens. (The test kit employs beads, coated with 
guinea pig antibody to HBs.Ag, which are incubated 
with the material to be tested. Any SAg present in the 
sample is bound to the solid phase antibody. After aspi 
ration of unbound material and washing of the beads, 
human 25I-sAg antibody is reacted the antibody-anti 
gen complex on the bead. The beads are then washed to 
remove the unbound radioactive material. The radioac 
tivity remaining on the beads is counted in a gamma 
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scintillation counter, all as described in product litera 
ture issued by the manufacturer in November, 1981.) 

In repeated experiments, 150-200 ng of HBs.Ag were 
synthesized in a 24-hour period using the aforemen 
tioned amounts of cells and plaque-forming units. The 5 
majority of the antigen was secreted from the infected 
cells and was localized in the medium. As shown in the 
Table below, more than 90 percent of the viral infectiv 
ity remains cell-associated so that the presence of the 
antigen in the medium is not due to lysis of the infected 10 
cells. 

TABLE 
% pfu Total 

noc- Total distri- synthesized 2% HBs.Ag 
uurn Fraction pfu bution HBsag (ng) distribution 15 
vP59 Supernate 0.9 7 131 76 

(10) 
Cellular 146.0 93 42 24 

(10) 
2O 

(For titering the fractions, plaque assays were per 
formed on the supernatant and cellular fraction. For this 
purpose, the cellular portion was lysed by freezing and 
thawing and serial dilutions were employed to infect 

25 CV-1 cell monolayers.) 
EXAMPLE XXXII 

Expression of HBs.Ag by vp-11 
108 CV-1 cells were infected with vP-11 with 25 

pfu/cell. After 24 hours, the infected cells were har 
vested, frozen and thawed three times to lyse them, and 
debris was removed by centrifugation for 10 minutes at 
1,500 rpm. The supernatant liquid was centrifuged for 
18 hours at 30,000 rpm at 4C. to pellet the HBsAg. The 
pellet was resuspended in 1 ml of PBS and assayed for 
HBs.Ag using the commercially available "AUSRIA” 
assay kit. Uninfected cells were processed in parallel as 
a control. 
The ratio of the positive control mean value to the 

negative control mean value was 6.6, indicating the 
presence of HBs.Ag in the positive control. 
Nys:(FG) rabbits were inoculated intravenously with 

1.8 (10) pfu of vp-11. Serum was collected at weekly 
intervals after infection and tested for antibody using 
the "AUSAB' commercial RIA test kit. The results are 
tabulated below. 

58 
were visualized by staining with Neutral Red and were 
counted. 
The serum decreased HSV infectivity, as measured 

by plaque reduction, by more than 80 percent at a final 
serun dilution of 1:160 and by 50% at a final serum 
dilution of 1:320. 
FIG. 20 shows the inoculation, both intradermally 

and intravenously, of rabbits with both vp59 and vP 60. 
The presence of anti-HBs.Ag antibodies in serum col 
lected from these rabbits is shown in FIG. 20. Anti 
HSVgD antibodies were shown to be present in serum 
collected from the same rabbits using standard radi 
olabelled protein assays on HSV-infected CV-1 cells. 

Further, the presence of antibodies neutralizing HSV 
was determined by plaque reduction assays using preim 
mune serun at a 1:20 dilution as a control. The results 
are shown in the Table below. 

Rabbit 506 
Reciprocal of 

Week % reduction serum dilution 

2 63 80 
3 57 80 
4. 46 80 
5 74 40 
6 56 40 
7 64 40 

These experiments established that not only does the 
production of antibodies to vaccinia not interfere with 
the production of HBs.Ag or the with production of 
antibodies to HSVgD, but also that the inoculated ani 
mal can respond to more than one foreign antigen ex 
pressed by recombinant vaccinia viruses. 

EXAMPLE XXXV 

Protection of Mice Against Challenge with HSV by 
Immunization with vp-60 

Three sets of Nya:NYLAR mice, an outbred albino 
strain maintained by the New York State Department of 
Health laboratories, were inoculated intraperitoneally 
with either phosphate buffered saline solution, wild 
type vaccinia virus (VTK79), or with vaccinia virus 
recombinant vP 60 expressing the HSVgD. Each mouse 
was injected with 4.5 (107) pful of the wild-type or re 
combinant vaccinia virus in 0.2 ml of phosphate-buff 

RA units/ml serun 

Weeks post infection 
Rabbit if Preinmune 2 3 4. s 6 7 16 2 

637 O 3.6 x 10° 5.4 x 10- 7.2 x 10 13.5 x 10- 7.2 x 10° S.4 x 10 5.4 x 10 
636 0 1.6 x 10- 7.2 x 10 13.5 x 10 20.8 x 10 18.3 x 10 18.3 x 10 23.5 x 103 11.2 x 10 

ered saline. 
EXAMPLE XXXIII After three weeks, the mice were challenged with an 

O intraperitoneal inoculation of 2.4 (10) pfu per mouse of 
Determination of HSVgD expression by vP-60 in infectious HSV type 1 (AA strain). 

rabbits 60. As is evident from the results shown in the Table 
Nys:(FG) rabbits were inoculated with recombinant 

virus vF-60 or wild-type virus (VTK-79) intrave 
nously in an amount of 1.8 (108) pfu. 
Serum obtained 3-5 weeks after inoculation was heat 

inactivated, mixed with an equal volume of virus con- 65 
taining 250 HSV (Type 1) pfu as a test dose, and held at 
4. C. overnight. The mixture was then plated on CV-1 
cell monolayers and, after 48 hours, the virus plaques 

below, a vaccine of the recombinant vaccinia virus vP 
60 conferred protective immunity to HSV. 

TABLE 
% 

Immunizing agent No. of mice Survivors Survival 

Phosphate-buffered 40 18 45 
saline 
Wild-type 40 12 30 



4,722,848 

TABLE-continued 
% 

Immunizing agent No. of nice Survivors Survival 

Vaccinia 5 
Recombinant 40 40 00 
vaccinia w80 

In a further experiment, two sets of mice the same as 
those mentioned earlier herein were inoculated intra- 10 
peritoneally with 5 (107) pful of wild-type virus 
(VTK79) or recombinant vaccinia virus vP 60. 
After six weeks, the mice were challenged with 10 

pfu of HSV type 2 (Curtis). As is shown in the follow 
ing Table, the recombinant vaccinia virus coding for the 15 
gD glycoprotein of HSV type 1 gave considerable pro 
tection against challenge with heterologous HSV type 
2. However, the protection is not as complete as that 
observed for the homologous HSV type 1 challenge. 

TABLE 20 
Immunogen if Mice Survivors % Survival 

Wild type vaccinia 80 10 12.5 
Recombinant vaccinia 80 63 78.8 
vP 60 25 

What is claimed is: 

30 

35 

40 

45 

50 

55 

60 

65 

60 
1. The method of amplifying a protein which com 

prises inoculating a host animal, susceptible to vaccinia 
virus, with a recombinant vaccinia virus synthetically 
modified by the presence, in a non-essential region of 
the vaccinia genome, of DNA not naturally occurring 
in vaccinia virus and coding for said protein. 

2. A method as in claim 1 wherein said vaccinia virus 
is free of a vaccinia gene producing thymidine kinase. 

3. The method of immunizing a host animal, suscepti 
ble to vaccinia virus, by inducing an immunological 
response in said animal, which method comprises inocu 
lating said animal with a vaccinia virus synthetically 
modified by recombination to have, within a non-essen 
tial region of the vaccinia genome, DNA not naturally 
occurring in the vaccinia virus, said DNA coding for an 
antigen inducing said immunological response. 

4. A method as in claim 3 wherein said vaccinia virus 
contains DNA coding for influenza virus hemaggluti 

5. A method as in claim 3 wherein said vaccinia virus 
contains DNA coding for hepatitis B surface antigen. 

6. A method as in claim 3 wherein said vaccinia virus 
contains DNA coding for herpes simplex glycoprotein 
D. m 

7. A method as in claim 3 wherein said vaccinia virus 
is free of a vaccinia gene producing thymidine kinase. 

as 

e. 


